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ABSTRACT OF THESIS 
 
 
 
 
GENETIC DIVERSITY, STRUCTURE, AND RECOLONIZATION PATTERNS OF 
KENTUCKY BLACK BEARS 
 
 
 
 After nearly a century of absence, the black bear (Ursus americanus) reappeared 
in Kentucky during the late 20th century and has since increased in number.  
Recolonization of bears in the southeastern portion of the state was thought to have been 
caused by emigration of bears from adjacent states into the Commonwealth, while in the 
south-central area, bears originated, or natural recolonization may have been 
supplemented by the translocation of 14 individuals into the Big South Fork National 
River Recreation Area. To investigate the recolonization patterns of bears in Kentucky, I 
used 20 microsatellite loci to determine the genetic diversity and subpopulation structure 
of bears in the state, and quantified the relative influence of source populations of bears 
from neighboring states. Two genetically distinct populations of black bears were 
identified; Big South Fork and Cumberland Plateau. These populations were moderately 
diverged from each other and had levels of heterozygosity similar to other stable bear 
populations in North America. The Cumberland Plateau bear population originated from 
a combination of bears from both West Virginia and Virginia. In contrast, the Big South 
Fork population appeared to be almost entirely comprised of individuals from the 
translocated founders from Great Smoky Mountain National Park.  
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Chapter 1 
 
Introduction 
 
The Black Bear in Kentucky 
Large carnivores have frequently conflicted directly and indirectly with humans, 
with the former predominately losing these encounters (Laliberte & Ripple 2004). Post-
European settlement North America is replete with examples of humans eliminating 
carnivores that occupied valued lands and competed for similar resources.  Most species 
of carnivores in North America have experienced post-Colombian reductions in 
distribution and numbers as a result of human persecution, competition from introduced 
species, and habitat loss (Eastridge & Clark 2001; Laliberte & Ripple 2004).  As of 2010, 
the black bear occupied approximately 20% and 39% of its historical range in the 
southeastern U.S. (Eastridge & Clark 2001) and North America (Laliberte & Ripple 
2004), respectively.  The fact that the majority of lost bear range has occurred at 
elevations < 600 m in areas that are favorable to human settlement implicates habitat loss 
as a leading cause of its reduced distribution and numbers (Laliberte & Ripple 2004).  As 
with many other large carnivores, black bears managed to persist in largely inaccessible, 
rugged, and remote areas during the high tide of carnivore eradication efforts that 
occurred from 1800-1950. During this period, bears in the southeastern U.S. found refuge 
in remote mountainous areas and swamplands, such as the Great Smoky Mountains and 
Okeefeenokee swamp. These remnant bear populations would later serve as the principal 
source of individuals that later recolonized portions of the southeast during the latter part 
of the 20th century and early 21st century.  
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 Carnivore conservation can have positive effects on multiple trophic levels of an 
ecosystem (Noss et al. 1996).  Black bears, as with most other large mammalian 
carnivores, have large home ranges and are uniquely susceptible to the effects of habitat 
fragmentation and human activities (Noss et al. 1996; Dixon et al. 2007b). As such, the 
black bear may serve as an effective indicator species of forested ecosystems. Noss et al. 
(1996) posits the idea that these traits render the black bear not only an effective indicator 
of forest health, but a good umbrella species; the conservation of which can benefit other 
ecosystem components and processes.   
The black bear was so ubiquitous in the abundant forests of pre-Colombian 
Kentucky (Barbour & Davis 1974) that the Commonwealth was referred to as “The Bear 
State” during the early 1800s. However, a combination of habitat loss through logging 
and agriculture, coupled with unregulated hunting, led to the rapid extirpation of the 
black bear and most other large mammals from the state by 1900 (Barbour & Davis 1974; 
Unger 2007; Fraray 2008). Unlike other game species that were extirpated at that time, 
such as the eastern elk, the black bear has recolonized portions of eastern Kentucky 
without human intervention (Unger 2007).  The black bear population in Kentucky has 
since increased, with the vast majority of observations occurring in counties that border 
West Virginia, Virginia, and Tennessee (Unger 2007).  Given recent increases in bear 
populations in surrounding states (Pelton & Van Manen 1994), bears in Kentucky may 
form the western extreme of a regional metapopulation (Unger 2007).   
Early colonization patterns of bears in Kentucky are typical of bears elsewhere, 
and some other large carnivores, in that individuals on the leading edge of the 
colonization front are primarily adolescent males, while highly philopatric females have 
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only been observed in three contiguous counties adjacent to neighboring states (Rogers 
1987; Unger 2007). Dispersal of males is an integral process of maintaining genetic 
diversity within bear populations (Rogers 1987) and demographic linkage within a larger 
metapopulation, particularly in highly fragmented systems (Ulrey 2008).   
Unger (2007) posited that the majority of ideas about the Kentucky black bear 
population were based on “informed opinion and conjecture”. Beyond cursory 
observations of gender differences in black bear road kill and capture data, empirical 
evidence of recolonization in most of the state is lacking and warrants further 
investigation.   Further complicating the colonization lineage of Kentucky black bears is 
the translocation of 14 bears from Great Smoky Mountains National Park (GSMNP) to 
the Big South Fork National River Recreation Area (BSF) from 1996 to 1997 (Eastridge 
& Clark 2001; Clark et al. 2002).  A hair snare effort conducted in 2002 by the Kentucky 
Department of Fish and Wildlife Resources (KDFWR) and the National Park Service 
detected 16 (6 F, 10M) individual bears in the BSF population.  These findings suggested 
a small population of black bears still existed in BSF six years post-translocation.  
Black bear research in Kentucky has thus far focused on autecology, habitat 
suitability, and population estimation within a few southeastern counties (Unger 2007; 
Jensen 2009).  Frary (2008) used a noninvasive hair snare and subsequent genetic 
analyses of microsatellites to estimate black bear density and population size, but did not 
compare his findings to other regional bear populations.  He identified 54 individual 
black bears using program MARK (White & Burnham 1999), and estimated the 
southeastern Kentucky bear population at 89 to 127.  However, because of sampling 
constraints, Frary (2008) was only able to identify bears from a small portion of the 
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colonization front, and thus lacked data from individuals observed farther north and west 
of the Bell, Harlan, and Letcher Counties. 
Non-invasive Genetic Sampling and Analyses 
Bears, as with other large carnivores, are usually difficult animals to biologically 
sample.  As such, the elusive habits of carnivores and the necessity of a large sample size 
have historically made it difficult to conduct a statistically robust genetic analysis (Creel 
et al. 2003).  When evaluating animal population dynamics, small sample size has the 
potential to be a perpetual problem (Mills et al. 2000).  Various methods of capture, 
especially the use of noninvasive sampling, have improved the odds of conducting a 
statistically robust genetic analysis (Mills et al. 2000), particularly with carnivores.   
Non-invasive sampling methods can be advantageous over invasive methods 
because they can provide an increased sample size relative to effort and reduce trauma or 
injury to captured animals or researchers, and can lessen post-capture behavioral changes 
of target animals (Taberlet & Luikart 1999; Garshelis 2006).  Taberlet and Luikart (1999) 
state that “scientists working in conservation biology and in ethology were particularly 
interested in non-invasive sampling techniques, because the animal does not have to be 
captured, disturbed, or even observed, making genetic sampling much easier.”   Non-
invasive genetic sampling has been successfully used with ursids to perform mark-
recapture studies (Settlage et al. 2008), estimate genetic variability, diversity, and 
structure (Paetkau et al. 1999; Woods et al. 1999; Csiki et al. 2003), and to determine the 
effects of habitat fragmentation (Dixon et al. 2007a; Dixon et al. 2007b), presence of 
gene flow between populations (Waits et al. 2000), and viability of conservation corridors 
(Dixon et al. 2007b).  Due to the characteristics inherent to their methodology, the use of 
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non-invasive capture techniques has increased in recent years (Taberlet & Luikart 1999).  
This increase is in part due to the improved laboratory techniques that can isolate DNA 
from a variety of biological substrates (Taberlet & Luikart 1999).  Additionally, the 
destructive methods of tissue collection that were once necessary have been replaced by 
non-invasive methods (Taberlet & Luikart 1999).   
Although there are a variety of methods used to collect genetic samples from 
black bears, including the isolation of fecal DNA (Ernest et al. 2000), barbed wire hair 
snares represent the most commonly used (Garshelis 2006).  This method is more 
efficient than alternative means of obtaining genetic samples such as using blood, tissue, 
or biopsy samples (Goossens et al. 1998).  Additionally, the success of obtaining 
adequate amounts of viable DNA from hair samples has drastically improved with the 
advent of the Polymerase Chain Reaction (PCR) (Taberlet & Luikart 1999).  Finally, the 
combination of PCR with the use of microsatellite genetic markers has allowed for the 
use of degraded DNA, such as that found on older hair samples (Taberlet & Luikart 
1999).   
 Various genetic markers have the capability of answering a multitude of questions 
about wildlife (Selkoe & Toonen 2006).  Genetic markers commonly used have included 
allozymes, microsatellites, and mitochondrial DNA (mtDNA) (Selkoe & Toonen 2006).  
Microsatellite genetic markers consist of tandem repeats in the range of 2 – 9 base pairs 
in length (Hartl 2000).  These markers are readily available in most taxa (Selkoe & 
Toonen 2006) and are “widely distributed in eukaryotic genomes” (Tautz & Renz 1984; 
Paetkau et al. 1997). Selkoe and Toonen (2006) expressed that the popularity of 
microsatellites was due to their ability “to provide the resolving power to distinguish 
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relatively high rates of migration from panmixia, and [to] estimate the relatedness of 
individuals.”  Paetkau et al. (1997) suggested that any study involving population or 
ecological genetics would benefit greatly from the characteristics of microsatellites.  
Additionally, microsatellite markers have the ability to detect population structure that is 
the product of recent gene flow (Jones et al. 2004).    
 Of all the genetic markers that are available to ecologists today, microsatellites 
offer the most resolution in terms of their ability to decipher fine-scale questions such as 
population structure (Selkoe & Toonen 2006). Additionally, microsatellite genetic 
markers offer a higher variability than other markers such as allozymes and 
mitochondrial DNA, characteristics that help offset the lack of genetic variability found 
in some ursids (Paetkau et al. 1999).  Mitochondrial DNA was not a good choice for this 
study due to its maternal mode of inheritance that makes it useful only in answering 
questions that concern female mediated transfer of genetic material (Waits et al. 2000).    
Further substantiating the argument for using microsatellites is the fact that PCR 
amplification is not possible when allozymes are employed as genetic markers (Selkoe & 
Toonen 2006).   
Additional benefits of microsatellite genetic markers include the ability to obtain 
samples and keep them under field conditions for later analysis (Taberlet & Luikart 1999; 
Selkoe & Toonen 2006).  With barbed-wire hair snares, hair samples can be stored in a 
dry environment at room temperature until transfer to the laboratory (Taberlet & Luikart 
1999).  Additionally, extraction techniques for use with hair samples have improved 
drastically in recent years (Taberlet & Luikart 1999).  Six microsatellite loci are typically 
used to determine the identity of individuals from a sample set (Woods et al. 1999; Frary 
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2008).  When complex questions concerning population dynamics are addressed, 
additional loci provide more precision and an increased level of statistical power (Selkoe 
& Toonen 2006).  Twenty loci have been suggested for inference into black bear 
population structure and the identification of recolonization corridors (D. Paetkau  pers. 
comm.).  Through careful laboratory methods, the use of appropriate statistical 
applications, and the correct interpretation of the results, microsatellite markers can 
provide a high level of insight into population dynamics (Selkoe & Toonen 2006).  It is a 
general assumption that the benefits of microsatellite markers greatly outweigh their 
pitfalls and limitations (Selkoe & Toonen 2006), but disadvantages and limitations exist 
and many are noted below.  
 During translocation of biota or with small population sizes, genetic diversity and 
health are important concerns that must be considered if founder effects are to be avoided 
(Polziehn et al. 2000; Larson et al. 2009). Microsatellites have emerged as an important 
investigative tool to examine genetic issues and are generally acceptable for use across 
many taxa (Selkoe & Toonen 2006).  Species of management concern, including those 
that have been subjected to habitat fragmentation, can benefit from a microsatellite-based  
investigation into population structure and connectivity that allow resource managers to 
create scientifically justifiable management units.  Microsatellites can also improve 
historical understanding of evolutionary radiation in phylogeographical studies.  
Although many applications of microsatellite genetics in wildlife populations have 
focused on cryptic mammals, additional applications include the investigation of the 
spread and range of invasive species such as the wild boar where management efforts 
were linked to genetic  data (Hampton et al. 2004; Spencer et al. 2009).  Especially in the 
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case of wild boar, but applicable to other species that are illegally translocated for 
sporting interests, microsatellite have the ability to detect satellite populations of an 
anthropogenic origin (Spencer et al. 2009) and possibly aid criminal investigations.  
Species that are well established have also been studied using microsatellite 
analyses.  The North American elk (Cervus elaphus) was at one point severely reduced in 
number and subjected to multiple population bottlenecks (Polziehn et al. 2000), yet has 
returned to portions of its historical range through natural recolonization and 
anthropogenic translocation.  Microsatellites have the ability to decipher large scale 
subdivisions at the subspecies level as well as more fine scale relatedness at the local 
herd level (Polziehn et al. 2000).  Through the use of microsatellite analysis, Polziehn et. 
al. (2000) found that North American elk experienced little loss of genetic diversity 
during bottleneck periods and added to the dispute between the validity of the Manitoban 
and Rocky Mountain subspecies. 
Analysis of genetic variance, population connectivity, and gene flow have proven 
useful in studying fragmented, endangered, and persecuted terrestrial wildlife populations 
(Frankham et al. 2002) such as the sea otter (Enhydra lutris; Larson et al. 2002), Alpine 
ibex (Capra ibex; Maudet et al. 2002), Tasmanian devil (Sarcophilus laniarius; Jones et 
al. 2004), and mountain lion (Puma concolor; Ernest et al. 2000).  Aside from the 
standard investigation of genetic diversity and subpopulation structure, natural history of 
an animal species and how this history influences genetic parameters should be 
considered (Jones et al. 2004).  In the case of the sea otter, Larson et al. (2002) found that 
past translocation events kept the majority of genetic variation contained in the source 
population and implicated fur harvest pressure as the cause of reduced genetic diversity.  
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Investigation of population bottlenecks led to augmentation of imperiled Alpine ibex 
populations using individuals from more genetically robust populations (Maudet et al. 
2002). Microsatellites have also been used to study predation of carnivores via scat 
analysis (Ernest et al. 2000). 
The use of microsatellite genetic analysis is not limited to terrestrial wildlife and 
has been used for freshwater and marine organisms.  Specifically in Gulf pipefish 
(Syngnathus scovelli), microsatellites were used to investigate the mating systems and the 
males of the species role in providing parental care to young (Jones & Avise 1997).  
Microsatellite genetic material obtained from scale samples of the Atlantic salmon 
(Salmon salar) at various time periods over the last century was used to infer ancestry 
and test for possible population bottlenecks (Neilsen et al. 1997).  
Microsatellite Caveats  
The use of hair samples as sources of DNA from mammalian species requires the 
presence of root follicles for effective isolation.  With this in mind, sample collection and 
screening for root follicles is the first step in mitigating possible analytical problems.  
DNA contained in root follicles can be damaged at many points in the process including 
degradation while the hairs are still attached to the hair snare in the field (McKelvey & 
Schwartz 2004).  Further, the storage method employed in an experiment will have a 
direct effect on the success of DNA extraction and amplification once at the laboratory 
(Waits & Paetkau 2005).  It has been widely suggested that collected hair samples be 
stored at room temperature under dry conditions (Woods et al. 1999) for transfer to the 
laboratory.  Although the varying methods have not been collectively compared, it has 
been found that the effects of storage length could significantly decrease the viability of a 
- 10 - 
 
sample (Roon et al. 2003).  In a comparison between storage with silica desiccant and in 
a -20 degree Celsius freezer, it was noted that amplification rates were reduced by nearly 
20% between six and twelve month storage intervals (Roon et al. 2003).  Expedited 
delivery to a laboratory facility or the collection of surplus hair samples could possibly 
reduce the potential for detrimental effects of sample degradation during storage. 
 One unique characteristic of microsatellite genetic markers is the required use of a 
species specific marker set (Selkoe & Toonen 2006).  Genetic markers, such as mtDNA, 
are only transferred maternally and can use a set of markers that are applicable across 
taxa (Selkoe & Toonen 2006).  The issues surrounding the appropriate marker set are 
additionally compounded by taxonomy, with mammals and fish having the greatest 
prevalence of microsatellite sequences (Selkoe & Toonen 2006).  In the past, the 
development of new marker sets has been a cause for concern because of initial funding 
costs associated with production and error testing.  Modern technology and improved 
laboratory techniques have allowed for this process to be streamlined and readily 
accessible to the general researcher (Selkoe & Toonen 2006).  Currently, Wildlife 
Genetics International (WGI, http://www.wildlifegenetics.ca/) has a collection of twenty 
microsatellite markers that are applicable for use on black bears of the Southeastern 
United States (D. Paetkau, pers. com.).  Conversely, the use of a large number of 
microsatellite markers can lead to increased genotyping error (Waits & Paetkau 2005).  
 Analytical errors associated with use of microsatellite genetic markers can occur 
in laboratory analysis.  Even with the appropriate PCR primers and methodology, 
amplification of degraded DNA opens up multiple sources of error.  Allelic dropout, the 
false detection of homozygosity, occurs when only one of two alleles is successfully 
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amplified (Goossens et al. 1998; McKelvey & Schwartz 2004).  This condition usually 
occurs when PCR is conducted under less than ideal conditions or when mutations inhibit 
primer binding (Selkoe & Toonen 2006).  This genotyping error will usually produce a 
novel genotype, as opposed to matching another individual, due to the random nature 
behind allelic dropout (McKelvey & Schwartz 2004).  Allelic dropout has the potential to 
have a profound effect on mark-recapture studies due to the accidental overestimation of 
individuals that show up as a false homozygote (McKelvey & Schwartz 2004).  The 
errors expressed through allelic dropout can be effectively neutralized by increasing the 
number of hair follicles in a single PCR run (Goossens et al. 1998; McKelvey & 
Schwartz 2004) and by adjusting binding regions and PCR conditions (Selkoe & Toonen 
2006). 
 Gametic disequilibrium occurs when two loci on the same chromosome are 
transmitted as a pair during reproduction (Selkoe & Toonen 2006).  Although less 
frequent than allelic dropout, gametic (linkage) disequilibrium can influence the integrity 
of a project when using microsatellite markers in population genetics studies.  The most 
detrimental effect of gametic disequilibrium is the prospect of pseudo-replication and the 
increased occurrence of type one error (Selkoe & Toonen 2006).  There are a wide 
variety of popular genetic analysis software packages that can test for gametic 
disequilibrium by looking for similarities across unlinked loci (Selkoe & Toonen 2006).  
Additionally, Mendelian inheritance has been verified in microsatellite genetic markers 
(Jarne & Lagoda 1996; Selkoe & Toonen 2006), yet there is emerging evidence of non-
Mendelian inheritance (Selkoe & Toonen 2006).  At present, it is unknown how levels of 
non-Mendelian inheritance vary across taxa due to a lack of analysis and reporting 
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(Selkoe & Toonen 2006).  Non-Mendelian inheritance will most likely occur with 
offspring that do not have the full complement of parental alleles (Selkoe & Toonen 
2006).  This will effectively reduce the resolution of parentage analysis and possibly lead 
to false abundance estimations.  It has been suggested that non-Mendelian inheritance be 
verified and reported to assess its prevalence across taxa (Selkoe & Toonen 2006). 
 Homoplasy represents the false assumption that loci are similar when in fact they 
are actually two distinct loci (Selkoe & Toonen 2006). Homoplasy has the potential to 
derail microsatellite analysis in populations that are distantly related (Selkoe & Toonen 
2006) and may yield an inaccurate genotype or the assumption that two samples represent 
the same individual (Selkoe & Toonen 2006).  This genotyping error will have the most 
profound effect on species that are distantly related or that are, in fact, two distinct 
species (Estoup et al. 2002; Selkoe & Toonen 2006).  Phylogenetic assessments that seek 
to provide differentiations between species will likely be skewed by the artifacts that 
accompany homoplasy (Selkoe & Toonen 2006).  Even with the above mentioned 
problems in mind, it is evident that the number of selected markers is directly 
proportional to the reliability of the analysis (Selkoe & Toonen 2006).  Additionally, a 
greater number of markers will allow for a more robust statistical analysis (Selkoe & 
Toonen 2006) and a higher resolution look at population dynamics. 
Genetic analysis programs and assumptions 
 The Hardy-Weinberg (HW) principle forms the foundation of all population 
genetics investigations because deviations from five critical assumptions allow for 
inference into population dynamics (Frankham et al. 2002).  These five assumptions 
include an infinite population size, random mating, no mutation, no migration, and no 
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selection with deviations of these assumptions occurring in most all natural populations.  
It is the fact that nearly all natural populations do not follow these assumptions that 
makes it possible to calculate genetic parameters such as allele frequencies and 
inbreeding coefficients (Frankham et al. 2002).  Furthermore, the calculation of allele 
frequencies allows for further tests including Bayesian approaches to population 
structure, the use of Wright’s Fst value in the calculation of population differentiation 
(Paetkau et al. 2004), and most all population assignment tests used to identify migrants.  
A test for Hardy-Weinberg equilibrium can be used to substantiate the results of 
population clustering tests by validating the lack of deviation from the HW assumptions, 
usually at the 5% level with a Chi-squared test (Hartl 2000) in each of the identified 
subpopulation clusters. 
 An investigation into linkage disequilibrium identifies alleles that are in a non-
random association at two different loci.  The effects of stochastic events in small 
populations, recent admixing of two diverged populations, and founder effects resulting 
in population bottlenecks can result in the non-random association of loci at differing 
alleles (Frankham et al. 2002).  Because these events commonly occur in free ranging 
populations, evidence of linkage disequilibrium would infer that one of the above 
mentioned processes has occurred.  Additionally, an analysis of linkage disequilibrium 
has the potential to estimate effective population size (Ne) (Frankham et al. 2002), an 
important metric used in the conservation of small populations of critically endangered 
organisms.  Linkage disequilibrium and Hardy-Weinberg equilibrium are uniquely 
juxtaposed in the fact that the first comes as a result of a slow decay over time in the 
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presence of random mating, while the later can be obtained in as little as one generation 
in a highly vagile population (Hartl 2000).     
 Determination of genetic differentiation between populations and inference of 
recolonization corridors can benefit from the graphical display of information pertaining 
to gene flow patterns and population structure.  This information can be useful in a 
variety of applications (Rosenberg et al. 2001; Robinson et al. 2007) and is not limited to 
organisms with mapped genomes.  Population structure analysis has been used for a 
variety of assessments including evolutionary history, gene flow, speciation occurrence 
(Rosenberg et al. 2001), and for human population structure in medical research (Evanno 
et al. 2005).  When considering the use of Bayesian assignment methods, STRUCTURE 
represents the most currently accepted software (Evanno et al. 2005). This software 
program has the ability to be very useful for analysis of cryptic population traits and 
structure (Pritchard et al. 2000).  However, Evanno et al. (2005) observed that the 
program cannot determine the real-world number of population clusters and thus one 
must rely on the careful interpretation of a variety of K estimation methods.    
 There are various methods of estimating the most likely number of population 
clusters, otherwise known as the K value.  Determining the correct range of K values is 
paramount to any population genetics research that uses the STRUCTURE program.  The 
estimation of the K value demands careful consideration due to the fact that the real 
world K value is most likely far from straightforward (Pritchard et al. 2000; Pritchard et 
al. 2007).  It may be more accurate to make assumptions about the K value using a 
variety of estimation methods.  The majority of these methods are simply ad hoc 
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estimators that attempt to determine the number of population clusters (Pritchard et al. 
2007).   
 The first method to consider in the determination of the K value is the Bayes’ 
Rule approach (Pritchard et al. 2007).  This approach uses the value of lnPr(X given K), 
denoted as lnP(D) in the STRUCTURE output, to infer the posterior probability of 
assuming the correct value to K for each run of the dataset (Pritchard et al. 2000; 
Pritchard et al. 2007).  To use this approach, it is necessary to run the dataset at multiple 
K values using the same iterations and burn-in period.  For example, if the real world K 
value is assumed to be three, K values should be examined from approximately one to 
five.  This range would allow for variation in the lnPr(X given K) to be evaluated using 
Bayes’ Rule.  By using the Bayes Rule equation given in Pritchard et al. (2007) it is 
possible to determine Pr(K = x), with x being the K value in question.  Performing this 
analysis on the range of K values that were run in the STRUCTURE program would 
allow for the value with the highest probability to be determined.  This method is best 
used when the number of possible clusters (K value) is relatively low (Pritchard et al. 
2007) and can only be used as an ad hoc indicator of real world population structure 
(Pritchard et al. 2000; Evanno et al. 2005; Pritchard et al. 2007). 
 The second method for estimating K involves the same output data as was used in 
the method involving Bayes’ Rule.  This more informal look into the estimated K value 
also requires data analysis runs with a range of K values (Pritchard et al. 2007).  With 
multiple runs completed at varying K values, a plateau should be observed near the 
optimal K value and validated using method one (Pritchard et al. 2007).  Additionally, 
when the plateau is discovered, it is considered good practice to use the lowest K value 
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contained in the plateau region to allow for the use of the smallest K value “that captures 
the major structure in the data” (Pritchard et al. 2007).  The presence of true population 
structure can also be tested by running the members of each cluster in separate structure 
runs (Pritchard et al. 2007).  This will reinforce the initial findings by dividing the cluster 
into varying values of K and illustrating any possible artifacts in the data. 
 Migration of individuals into and out of populations is key to long-term genetic 
health of most animal populations (Frankham et al. 2002).  One migrant per generation is 
necessary to avoid the deleterious loss of genetic drift in small populations and reduce the 
chances at population differentiation (Slatkin 1985; Mills & Allendorf 1996). The 
migration of black bears into Kentucky has caused range expansion of the species in the 
eastern U.S., whether naturally occurring or the byproduct of anthropogenic 
translocation.  Continued emigration of bears from other states into Kentucky will 
facilitate further establishment and expansion of the species in the Commonwealth.    
 Although population assignment tests have the ability to identify individual 
migrants contained in the population at the time of sampling, methods that estimate the 
migration rate or number of migrants per generation allow for a more precise measure of 
connectivity (Paetkau et al. 2004).  Methods for indirectly estimating the number of 
migrants per generation have evolved with highly variable microsatellite markers 
(Paetkau et al. 2004).  The private allele [P(1)] method introduced by Slatkin (1985) is 
based on the number of unique alleles found in each population and is considered to be 
inversely related to the number of migrants per generation (Nm) (Barton & Slatkin 1986).  
The use of the private allele method requires a correction for sample size discrepancies as 
Slatkin’s (1985) work was conducted with a sample size of 25 individuals.  Potential 
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limitations arise from this sample size correction due to the fact that the log value of P(1) 
is slightly askew from the plotted line of log (Nm) (Barton & Slatkin 1986).  Even with 
this discrepancy in the correction for sample size, it has been found that this method 
represent an accurate estimation (Barton & Slatkin 1986). 
 Measures of population differentiation are usually based on the descriptive F 
statistics developed by Wright (1965) which can be defined as the probability that two 
alleles share a similar ancestry and are sampled from alternate subpopulations (Frankham 
et al. 2002).  For natural populations, an increased Fst can be an indicator of reduced 
migration inferred through greater population subdivision (Frankham et al. 2002).  
Although various analogues have been developed, these measures still rely on the amount 
of variation within populations (Meirmans & Goodnight 2006).  When measures of 
genetic differentiation are derived from an analysis of molecular variance (AMOVA), it 
is most common to calculate Fst from a matrix of squared Euclidian distances between 
allele pairs (Excoffier et al. 1992; Meirmans & Goodnight 2006).  Additionally an 
AMOVA analysis can be conducted at various hierarchical levels and allow for 
differences between these models to be detected (Meirmans & Goodnight 2006). 
 A more appropriate measure of population differentiation for highly polymorphic 
markers such as microsatellites is Phi’st described by Meirmans and Goodnight (2006).  
This measure of population differentiation is again based on the AMOVA framework, yet 
takes into account highly polymorphic markers and sample size discrepancies (Meirmans 
and Goodnight 2006).  Phi’st is simply the Phist value calculated within the AMOVA 
framework divided by Phist (max) which can be derived using the maximum standard 
deviations for the within population covariance (Meirmans and Goodnight 2006).  This 
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method for the calculation of population differentiation has the possibility to allow for a 
better comparison between subdivided populations by also considering discrepancies in 
the sample sizes and the presence of unique alleles (Meirmans and Goodnight 2006).  
Research Objectives 
 Although the Kentucky bear population appears to fit the pattern of 
recolonization, it remains uncertain whether remnant bear populations remained in the 
state and only recently expanded, or whether the current population is entirely sourced 
from neighboring bear populations. Further we do not understand whether translocated 
BSF bears have influenced population growth and recolonization of bears elsewhere in 
the state.  Knowledge of black bear population structure is of immediate interest because 
the species is now legally hunted. Wildlife managers will require information as to what 
bear populations are genetically diverse and demographically secure enough to direct 
hunting efforts. To better understand recolonization of the black bear into Kentucky, I 
used genetics to (1) characterize the genetic diversity and structuring of black bears in 
Kentucky, (2) quantify gene flow between identified bear populations within the state, 
and (3) identify potential source populations of bears from states adjacent to Kentucky.  
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Chapter 2 
 
Genetic Diversity and Population Structure of Kentucky Black Bears 
Abstract 
 The black bear (Ursus americanus) has successfully recolonized the Cumberland, 
Pine, and Black Mountains of southeast Kentucky without management intervention.  It 
has been hypothesized that these bears represent the western extreme of a larger regional 
metapopulation that spans the neighboring states of Tennessee, West Virginia, and 
Virginia.  A second population of bears occurs in south-central Kentucky and may be 
solely sourced from a limited translocation of 14 individuals in the late 1990s which may 
have been additionally supplemented by individuals from farther east.  I hypothesized 
that these two regional bear populations separated by Interstate 75 and habitat 
fragmentation would be genetically distinct, and that the translocated population would 
exhibit lower heterozygosity as a result of founder effects compounded by a decade long 
absence of interchange of individuals with other bear populations.  
 To test my hypotheses, I conducted a genetic analysis using 8 microsatellite loci 
from hair of individual black bears collected at two temporal time intervals (2000-2002 
and 2006-2009).  My findings indicated the occurrence of two distinct bear populations 
within Kentucky; Big South Fork and southeastern Kentucky.  Divergence between these 
two populations suggested a small, yet significant separation, although heterozygosity of 
each was comparable to other bear populations that exhibited connectivity with larger 
regional metapopulations or that occurred within large, stable populations. I identified a 
minimal number of migrants between the two regional subpopulations, yet this number 
remained constant between the temporal data sets.  My findings suggested these bear 
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populations are expanding and were supportive of observational data outside this study.  
Collectively these data, and the noted exchange of individual bears between these two 
populations despite formidable landscape barriers, may dissuade concerns about a 
lingering founder effect in the Big South Fork bear population.  
Introduction 
 Black bears historically inhabited all physiographic regions of the Commonwealth 
of Kentucky (Barbour & Davis 1974; Unger 2007).  Early settlers in Kentucky exploited 
the vast timber and wildlife resources of the Cumberland Plateau (Unger 2007),  
ultimately leading to the extirpation of the black bear from the state in the early 1900’s 
(Barbour & Davis 1974; Unger 2007; Fraray 2008).  In the late 1980’s, black bear 
reappeared in the remote, mountainous regions in the eastern half of the state. Bear 
observations were cataloged by Kentucky Department of Fish and Wildlife Resources, 
and in 2003, the University of Kentucky began research on this small, recolonizing 
population.    
 Kentucky’s modern day black bear populations are thought to be the western 
extreme of a larger regional metapopulation within the Southern Appalachian Mountains 
(Unger 2007).  This hypothesis is substantiated by two factors, the first of which is that 
most bear observations and nuisance reports have been centered in the Kentucky counties 
that border Tennessee, Virginia, and West Virginia (Unger 2007) that also harbor 
growing bear populations (Pelton & Van Manen 1994).  Secondly, most captured black 
bears in Kentucky have been adolescent males, the primary demographic segment of 
recolonization events for bears (Rogers 1987) and other large carnivores (Meahr 1997)  
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 Despite supportive evidence for a black bear recolonization event, the 
translocation of 14 female bears from the Great Smokey Mountains National Park 
(GSMNP) to the Big South Fork National River Recreation Area (BSF) from 1996-97 
represented a potential caveat in the recolonization assumption (Fig. 2.1) (Eastridge & 
Clark 2001; Clark et al. 2002).  Scant post-translocation research was conducted and the 
continued presence of black bears there was based on evidence of nuisance complaints 
and observation reports.  Because nothing was known about Kentucky black bear 
genetics, it was unknown whether this translocated population was connected with, or the 
source of, bears farther east.   
 Knowledge of population structure and gene flow are important to management 
and conservation of small populations if long-term persistence of a species is desired.  
Both the 14 translocated bears in BSF and the relatively small number of recolonizing 
bears in eastern Kentucky represented a potential low number of founders, that coupled to 
poor gene flow, could yield a reduced genetic diversity and the manifestation of genetic 
deficiencies that would likely have reduced this populations chance at adapting to 
environmental change and may ultimately lead to population extinction (Ohnishi et al. 
2007; Dixon et al. 2007a).  Conducting a baseline assessment of genetic diversity is an 
important first step in the process of informing management about potential genetic 
problems and how to address them.  
 Various genetic markers have the capability of answering several wildlife 
management questions (Selkoe & Toonen 2006).  Microsatellites have emerged as 
important genetic markers because they allow researchers to decipher fine-scale questions 
such as population structure (Selkoe & Toonen 2006) and the detection of migrant 
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individuals.  Additionally, microsatellites can be amplified using polymerase chain 
reaction (PCR) from a variety of field-collected substrates (Taberlet & Luikart 1999; 
Selkoe & Toonen 2006).  When coupled with the use of non-invasive hair snares, 
microsatellite analysis has improved the efficiency of sampling cryptic large mammals 
(Mills et al. 2000; Garshelis 2006).  In recent years a multitude of software applications 
and statistical tests have been developed to support the fine scale resolution of 
microsatellite markers and their conformity to the stepwise mutational model (Paetkau et 
al. 1997). 
 I employed a genetic microsatellite analysis of  black bear hair samples collected 
from 2000-2002 and 2006-2009 across the Kentucky black bear range to characterize the 
genetic diversity and structuring of the translocated BSF bears and a potentially 
distinctive recolonizing population farther east in the state.  My findings will be 
important in establishing a genetic benchmark for future genetic analysis of these bears, 
allow detection of changes in these populations, and evaluate the degree of connectivity 
between populations that will inform management of the species. 
Methods 
 Black bear hair samples for the 2000-2002 data set (n = 53, Fig. 2.1) were 
collected year-round by Kentucky Department of Fish and Wildlife Resources (KDFWR) 
and National Park Service (NPS) biologists using non-invasive hair snares deployed in 
known areas of black bear occupancy in southeast Kentucky. Hair snares consisted of two 
strands of barbed wire attached to trees encircling a bait stash (see Woods et al. 1999 for 
details). Additional hair and tissue samples were obtained from road killed and poached 
bears by physically pulling a hair sample or through tissue biopsy in the case of 
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decomposition.  The 2006-2009 data set (n = 103, Fig. 2.2) was comprised of hair 
samples collected from the same general areas using a variety of methods.  The majority 
of this latter data set (n = 65) was collected by physically pulling hair samples from live-
caught black bears as part of a complimentary University of Kentucky black bear ecology 
project following IACUC # 626A2003.  KDFWR biologists collected additional samples 
from animals trapped for nuisance behavior, that died (n = 19), or via non-invasive hair 
snares (n = 19).   
 All samples were stored at room temperature in coin envelopes and shipped to 
Wildlife Genetics International (Nelson, British Columbia) for DNA extraction and 
amplification using the polymerase chain reaction. Eight microsatellite loci (G1A, G10C, 
G1D, G10H, G10J, G10L, G10M, and MU50) were used to identify individual black 
bears as detailed by Paetkau and Strobeck (1994) and Paetkau (2003).  Data quality was 
managed using the methodology described by Paetkau (2003). 
 Upon receiving the genotype results from the laboratory, the program 
Microsatellite Analyzer (Dieringer & Schlötterer 2003) was used to convert the raw data 
into appropriate input files for the analysis programs described below.  The HWE 
probability test in Genepop 4.0 (Raymond & Rousset 1995) was used to examine for 
departures from Hardy-Weinberg equilibrium by using the complete enumeration method 
(Louis & Dempster 1987) and a Markov Chain sampling regime (Guo & Thompson 
1992) as per Dixon (2007).   Linkage disequilibrium, the failure of alleles at two loci to 
be statistically independent, was tested using the linkage disequilibrium test in Genepop 
4.0 (Raymond & Rousset 1995) with P-values adjusted for multiple comparisons using a 
Bonferroni sequential correction (Rice 1989).  These two initial tests allowed for insight 
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into the general nature of these data and are used to confirm absence of non-amplifying 
alleles (Paetkau et al. 1997) and excessive heterozygosity. 
 The two temporal data sets were pooled then analyzed using both the 
STRUCTURE (Pritchard et al. 2007) program and the K-means clustering test in the 
GenoDive (Meirmans & Van Tienderen 2004) software package to determine the 
optimum number of subpopulation clusters.  These two Bayesian analysis programs 
require no prior insight into population structure.  STRUCTURE was used to run one 
million iterations and one million repetitions of Markov Chain Monte Carlo using the 
admixture model (assumes that an individual can be from a mixture of populations) to 
identify subpopulation clusters.  This routine was replicated five times for each K value 
(possible number of populations) from 2 thru 5.  The K-means clustering test in 
GenoDive using a range of K values from 2- thru 10 (default values) with the Pseudo-F 
ranking method (Calinski & Harabasz 1974) was used to determine the most likely 
number of subpopulation clusters.  The GenoDive K-means clustering test used both a 
Euclidian distances calculated from individual allele frequencies and the sum of squares 
from an internal AMOVA analysis (Excoffier et al. 1992; Michalakis & Excoffier 1996). 
 Individual black bears were grouped into subpopulations that were coincidently 
analogous to the division in geographic sampling locations after applying the results of 
the STRUCTURE test and the K-means clustering test to each temporal data set (Fig. 
2.2). When investigating the STRUCTURE results at K=2, it was evident that migrants 
could have been present in each subpopulation.  To evaluate the presence of migrants, the 
population assignment test in GenoDive (Meirmans & Van Tienderen 2004) was applied 
to the subpopulations identified in both data sets to determine if individuals were 
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genetically grouped into the populations from which they were sampled.  The 
identification of individuals that were assigned to alternate populations other than that 
from which they were sampled was considered to be an indication of migration and 
possible gene flow.  This population assignment test used a Monte Carlo sampling 
scheme with an alpha level of 0.002 set at 100 replications (Meirmans & Van Tienderen 
2004).  Additionally, the number of migrants per generation (Nm) was calculated between 
the two identified subpopulations in each data set using the private allele method (Slatkin 
1985; Barton & Slatkin 1986; Slatkin & Barton 1989) with Genepop 4.0 (Raymond & 
Rousset 1995) corrected for sample size discrepancies (Barton and Slatkin 1986). 
 An analysis of molecular variance (AMOVA) test was applied to the subpopulations 
indentified from both data sets to investigate the hierarchical level upon which the variation 
between subpopulations could be attributed.  AMOVA examinations were performed in the 
GenoDive software package using a matrix of squared Euclidian distances at multiple 
hierarchical levels (Meirmans & Goodnight 2006) set at 999 permutations.  The AMOVA 
test in GenoDive is based on an analogue of Wright’s F statistic and thus allows 
interpretation of the percent variance among populations as a measure of population 
differentiation (Fst) (Meirmans & Van Tienderen 2004; Meirmans & Goodnight 2006).  
Additionally, the population differentiation measure, Phi’st (Meirmans & Goodnight 2006), 
was calculated using the AMOVA framework in the GenoDive software package 
(Meirmans & Van Tienderen 2004).  Allelic diversity was calculated for the identified 
subpopulations in both data sets using Genepop 4.0 (Raymond & Rousset 1995) and with 
the allele frequencies test in GenoDive (Meirmans & Van Tienderen 2004).  Finally, genetic 
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diversity for each population as indicated by expected heterozygosity was calculated using 
the allele identity method in Genepop 4.0 (Raymond & Rousset 1995). 
Results 
 All individuals (2000-2002, n = 53; 2006-2009, n =103) were successfully 
genotyped for 8 microsatellites with no missing loci present. Both sample sets were in 
Hardy-Weinberg equilibrium with no departures from equilibrium (p > 0.05).  Of the 56 
loci pairings, none showed signs of linkage disequilibrium (p < 0.05) following 
Bonferroni sequential correction.   
Both K-means clustering tests in GenoDive indicated K= 2 best fit both temporal 
data sets .  Two subpopulations denoted as Western and Eastern were also identified 
using STRUCTURE at K = 2 for both temporal data sets (Fig  2.3).  Using the plateau 
method with the log probability of data and, K = 3 might have yielded an additional level 
of population structure (Fig. 2.4).  When referring to the STRUCTURE output at K = 3 
for both temporal data sets, the general population structure noted at K =  2 (a divide 
between the Western and Eastern populations) remained intact with an additional 
subpopulation arising at K = 3 in the Eastern population (Fig. 2.3).   
 The population assignment test in GenoDive indicated a small number of 
migrants in both data sets.  For the 2000-2002 data set, two male migrants from each 
population were determined to have genotypes similar to the alternate population from 
which they were sampled (Fig. 2.3).  The 2006-2009 data also had two male migrants 
from each population.  The number of migrants per generation (Nm) increased between 
sampling periods (2000-02, Nm = 0.673; 2006-09 Nm = 0.735) (Table 2.1).  The AMOVA 
test applied to the two subpopulations, as grouped by their geographic sampling location, 
indicated Fst increased by 0.003 for both temporal data sets and that genetic variation was 
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primarily found within individual bears (2000-02, 94.5%; 2006-09, 90.1%), followed by 
variation among populations (2000-02, 9.4%; 2006-09, 9.7%), and among individuals 
9.4% (2000-02, -3.9%; 2006-09, 0.2%) (Table 2.1). Genetic differentiation between these 
bear populations was Phi’st = 0.40 (p = 0.001) for the 2000-2002 data set and Phi’st = 0.42 
(p=0.001) for the 2006-2009 data (Table 2.1).  Allelic diversity of the 2000-2002 data 
was 6.3 and 7.1 alleles per locus in the West and East populations, respectively (Table 
2.2).  Allelic diversity in the 2006-2009 data was 6.6 alleles per locus in the West 
population and 7.7 alleles per locus in the East population.  Genetic diversity for the 
eastern bear population was 0.792 in 2000-2002 and 0.786 in 2000-2002, and the western 
population was 0.819 in 2000-2002 and 0.770 in 2000-2002 (Table 2.2). 
Discussion 
 The consideration of two temporal data sets allowed examination of the 
population genetics of Kentucky black bears in a way impossible using a single temporal 
sampling window, and provided a baseline for future analyses.  When considering genetic 
structure at the most general level, the black bear of Kentucky were found to be 
subdivided into two, moderately diverged subpopulations.  These two subpopulations are 
roughly delineated by geographic sampling location as indicated by the STRUCTURE 
analysis at K = 2, with the exception of a few identified migrants (Fig. 2.2).  By 
increasing the K value in the STRUCTURE analysis to 3, the general structure remained 
intact, yet an additional subpopulation arose out of the Eastern population (Fig. 2.3).  K = 
3 is supported by the plateau method described by Pritchard (2007), yet for management 
purposes, the illustration given by the K = 2 expresses the general population structure 
found in the data.  Additionally, it was significant that when K was increased to 3, the 
Western population remained entirely composed of a single genotype while the Eastern 
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population became an admixture.  This indicated that the Western population was solely a 
product of the translocation from GSMNP while the Eastern population was an admixture 
of two genotypes found in bears from West Virginia and Virginia.  This structure 
remained constant over the time period between data sets, suggesting little migration 
between the populations. 
 Examination of the graphical display of genetic structure indicated few migrants 
were exchanged between the two identified subpopulations (Fig. 2.3). Although bears 
have crossed Interstate 75 (I-75) that separates the two populations, the lack of increase 
in the number of migrants between the temporal data sets suggested that until major range 
expansion occurs, gene flow between these bear populations will remain negligible.  This 
notion is also reinforced by the low number of migrants per generation between the two 
data sets. It is likely that this low level of migration will continue until the two 
populations expand their range towards each other, although I-75 and surrounding 
development will remain a formidable movement barrier to bears into the foreseeable 
future.   
 In the 2000-2002 data set, three of the four migrants had strong likelihood ratios 
that suggested they originated in the opposite population, while one migrant had a low 
likelihood ratio of 0.894.  The suggestion that this bear, with the low likelihood ratio, is a 
migrant can more easily be illustrated because it is a strong admixture of three 
populations (Fig. 2.3).  It is certainly possible that this bear is a migrant into the eastern 
population from an alternate population not contained within the sampling area of this 
study.  The most northern individual in the western population (Henry County nuisance 
case) was surprisingly determined to be a migrant from the eastern population and thus 
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had little to no impact on gene flow into the BSFNRRA.  This migrant faced two 
interstate highways, various major roads, large expanses of open land, and rampant 
development on its sojourn to Henry County.  The final two migrants in the 2000-2002 
data set were confirmed to have migrated between the cores of the two subpopulations 
and represent the best chance for successful mediation of gene flow. 
 Four migrant bears were identified from the 2006-2009 data.  All four of these 
migrants represented gene flow across these two populations.  The two bears that 
migrated out of the Western population were sampled in Cumberland Gap National 
Historic Park (Bell County, Kentucky) and near the Kentucky/Virginia border in Pike 
County, respectively.  Both of these migrants were sampled by live trapping and aged by 
cementum annuli, with the Cumberland Gap individual aged at 9 in 2007 and the Pike 
County individual aged at 2 in the summer of 2009.  Alternately, the other two migrants 
had genotypes similar to that of the Eastern population, yet were sampled by non-
invasive hair snare deep in the BSF of McCreary County, Kentucky.  Unlike two of the 
migrants from the 2000-2002 data set, all four of these bears had the possibility to 
mediate gene flow.  Overall, the eight identified migrants from both temporal data sets 
were males.  This finding is typical of black bear dispersal where young males are usually 
ousted from their natal territory by older males (Rogers 1987) and can sometimes roam 
long distances in search of mates.  Additionally, the young age of the live-trapped bear in 
Pike County substantiates this life history characteristic. 
 The lack of a substantial number of migrants between the two subpopulations is 
further indicated by the results of the AMOVA tests as well as the trends observed in the 
Fst and Phi’st values between data sets (Table 2.1).  Overall, it is of likely management 
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concern that in this relatively short time period (approximately one generation for the 
black bear) it was possible to detect an increase in Fst (an analogue of percent variance 
among populations) and Phi’st.  Although this change is minimal (Fst = +0.003, Phi’st = 
+0.019) and values still remain at the moderate level, this indicated that these two 
subpopulations are trending in the direction of increased population subdivision.  The 
most substantial change observed from the AMOVA analysis was the loss of variation at 
the within individual (-4.4) level which indicated a loss of diversity among the alleles 
present in the population.  This loss of diversity at the individual level can be translated 
to the population level by taking into consideration the loss of expected heterozygosity in 
both populations between the two data sets.   
 The trend of a reduced expected heterozygosity is also of potential concern, yet 
thus far this change was minimal and still within the range of large, connected bear 
populations in North America (Paetkau & Strobeck 1994, Dixon et al. 2007a).  Concerns 
about the isolation and low genetic diversity of the bears contained in the BSF appear to 
be unfounded, with expected heterozygosity slightly higher than that of the hypothetically 
well connected eastern population.  Even with this encouraging information, it must be 
noted that the Western population experienced a drop in genetic diversity from 0.82 to 
0.77 in the time between these two data sets.  Variation in the founding individuals, the 
presence of an unsampled remnant population in the vicinity of the BSF, or connectivity 
with a larger population in Tennessee could explain this high level of diversity in spite of 
this population’s relative isolation (Frankham et al. 2002).   
   The structure of the Kentucky black bear subpopulations should come as no 
surprise to those persons involved in handling nuisance cases.  There has historically 
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been a void of nuisance behavior, and thus a hypothetically lower number of bears, in the 
unoccupied area between the two populations.  Although few in number, it was 
encouraging to note the presence of migrants that were able to move between 
populations.  Future analyses should detect more migrants if population expansion 
continues.  A cursory inspection indicates abundant forest cover and likely good bear 
habitat between the two populations, but Interstate 75 will likely remain a significant 
movement barrier. 
 The fact that the BSF population contained a high level of genetic diversity may 
suggest that a remnant population of bears occurred prior to the reintroduction.  This 
wilderness area, comprised of national park and forest service land, could have concealed 
a cryptic population of black bears which remained outside official reports.  My 
examination into the population dynamics of Kentucky black bears will hopefully allow 
for future management decisions to be more independently focused on the two population 
clusters.  Additionally, the analysis of these temporal data sets will allow trends in the 
population dynamics of Kentucky bears to be considered in management plans.  Future 
research should include abundance and occupancy estimation, which would allow for a 
more thorough understanding of bear numbers in BSF.  Finally, the comparison of the 
two Kentucky populations to that of surrounding states, mainly Tennessee, West 
Virginia, and Virginia would substantiate their connectivity with other black bear 
populations.     
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Table 2.1: A comparison of AMOVA analyses, Phi’st, and number of migrants per 
generation (Nm) of Kentucky black bears, 2000-2009. 
      Sampling Period 
Genetic variation (AMOVA)   2000-2002  2006-2009        Change 
Within Individual (%)      94.5     90.1      -4.4 
Among Individuals (%)     -3.9     0.2     +4.1 
Among Populations (%)b     9.4     9.7     +0.3 
Phi’st b        0.401    0.42      +0.019 
Nma        0.637    0.735     +0.089 
a: number of migrants per generation 
b P = 0.001 
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Table 2.2: A comparison of allelic diversity (A) and genetic diversity (expected 
heterozygosity, He) between two subpopulations of Kentucky black bears, 2006-09. 
        Sampling Period 
            2000-2002           2006-2009 
     West    East    West    East 
Allelic Diversitya     6.3     7.1     6.6     7.7 
Genetic Diversityb  0.819               0.792  0.770  0.786  
a: calculated as average number of alleles per locus 
b: calculated as expected heterozygosity (He) 
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Figure 2.1: Kentucky counties with the highest number of black bear nuisance and 
observation reports (KDFWR, unpublished data) used to delineate core bear range within 
the state.  The Big South Fork National River Recreation Area (BSFNRRA), and site of 
the translocation of 14 black bear in 1996-1997 is also illustrated. 
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Figure 2.2: Black bear genetic sample locations per county, 2000-2002 (top) and 2006-
2009 (bottom), in Kentucky.  Shading indicated the genetic subpopulation category 
assigned from two Bayesian clustering programs.
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Figure 2.3: STRUCTURE program subpopulation clustering output for both temporal 
data sets of microsatellite marker data for Kentucky black bears, 2000-2009.  The optimal 
subpopulation structure was illustrated by K = 2 (top chart for each data set), yet an 
additional subpopulation arose in the eastern population when the K= 3 (bottom chart), in 
both data sets.  
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Figure 2.4:  Log probability of the data values calculated during five replications at a K = 
2 thru 5 for both temporal data sets (2000-2002 top, 2006-2009 below) of microsatellite 
marker data for Kentucky black bears.   
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Chapter 3 
 
Microsatellite genetic investigation of the source population(s) of 
Kentucky black bears 
Abstract 
 Black bears (Ursus americanus) have returned to the Cumberland Plateau of 
Kentucky as the result of a hypothetical recolonization event.  Additionally, a population 
of black bears in south-central Kentucky has the possibility to be a direct product of the 
translocation of 14 individuals from the Smoky Mountains of Tennessee.  Public interest 
in hunting these bears is growing, yet we have limited understanding of their population 
status.  Recently, microsatellite genetic markers and advanced statistical techniques have 
become the accepted methodologies for investigating population structure, gene flow, and 
other conservation parameters.  I used 20 microsatellite markers to analyze black bear 
hair collected from adjacent states to investigate potential source populations of 
Kentucky black bears. I found that black bears in southeast Kentucky were comprised of 
an admixture of West Virginia and Virginia genotypes, and the south-central Kentucky 
bear population was closely related (Fst = 0.04) to their source population in the Great 
Smoky Mountains. My findings indicate that black bears in southeastern Kentucky are 
likely the western front of a regional metapopulation, while bears in the Big South Fork 
region appear to be relatively isolated from others in Kentucky.  
Introduction 
 Large carnivores are frequently used as umbrella species (Noss et al. 1996), and 
there has been increased need to understand their population dynamics, range, and 
abundance. However, biological sampling of large carnivores can be problematic given 
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the inherent risk to both researcher and animal and the fact that species of this group are 
often cryptic and occur at low densities.  These logistical challenges often limit sample 
size and preclude use of certain statistical tests (Creel et al. 2003).  When population 
dynamics of large mammals are in question, the greatest challenge is usually the 
collection of a statistically significant sample size (Mills et al. 2000).   
Genetic techniques have emerged as an effective method for the study of wildlife 
populations (Taberlet & Luikart 1999).  Microsatellite markers in particular have become 
a leading tool for understanding fine-scale population dynamics (Selkoe & Toonen 2006).  
The use of microsatellite genetic markers coupled with advances in non-invasive 
sampling methods have provided new opportunities for increasing sampling efficiency 
and safety of researchers and study animals (Taberlet & Luikart 1999).  Microsatellite 
genetic markers are relatively resistant to degradation as compared to other DNA due to 
their small number of base pairs which lowers the probability that degradation will cleave 
the DNA in our area of interest; a characteristic that has made them a favorite choice for 
mark-recapture-based population estimates (Settlage et al. 2008). Microsatellites have 
been frequently used to study bears to infer changes in population dynamics when faced 
with habitat fragmentation (Dixon et al. 2007a; Dixon et al. 2007b), determine levels of 
connectivity and gene flow between subpopulations (Smith & Clark 1994; Waits et al. 
2000; Csiki et al. 2003), and to evaluate management actions such as conservation 
corridors and translocation events (Dixon et al. 2007b; Brown et al. 2009). 
 In the past 20 years, black bears (Ursus americanus) in Kentucky have 
recolonized portions of their historic range in southeastern Kentucky, likely as a result of 
emigration out of surrounding states from what may be considered a larger regional 
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metapopulation.  Additionally, Kentucky’s black bear population was augmented via the 
1997 translocation of 14 individuals obtained from Great Smoky Mountains National 
Park (Eastridge & Clark 2001; Clark et al. 2002).  Research conducted on bears in 
Kentucky has thus far focused on habitat use, natality, and population estimation within 
border counties along the recolonization front (Unger 2007; Fraray 2008; Jensen 2009), 
although a definitive analysis of source population(s) for Kentucky black bear has yet to 
be conducted.  Public interest and pressure to initiate a bear hunt in recent years has made 
understanding the population dynamics between Kentucky bears and their possible source 
populations increasingly important to state wildlife managers. In this study, I used 
microsatellites to identify and characterize the relative influence of potential state sources 
for Kentucky’s black bear populations.  
Methods 
 Hair samples were collected from Kentucky black bear during 2006-2009 in a 
variety of methods.  The majority of the Kentucky samples from the southeast section of the 
state (hereby denoted as the Pine Mountain population) were collected during live-trapping 
for complimentary University of Kentucky research projects following IACUC# 626A2003.  
Other samples from this population were collected from nuisance animals, road kill, and 
poaching cases by Kentucky Department of Fish and Wildlife biologists.  In both of these 
cases, hair samples were physically pulled from the under belly of a sedated or deceased 
animal and stored in a # 3 coin envelope at room temperature.  Additionally, a population of 
bears in south-central Kentucky (hereby defined as Big South Fork population [BSF]) was 
sampled using baited non-invasive hair snares (Woods et al. 1999) during the summer of 
2009.  These hair snares were constructed of small gauge barbed wire suspended 
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approximately 30 cm above the ground, in a corral fashion, from three to four trees and 
checked weekly for approximately two months.  
 To investigate source populations, samples were collected from West Virginia, 
Virginia, and Tennessee for comparison to the aforementioned Kentucky data (Fig. 3.1).  
West Virginia Division of Natural Resources biologists conducting routine bear population 
monitoring during 2009 collected the West Virginia (WV) sample set.  The Virginia (VA) 
sample set was collected using non-invasive hair snares (Woods et al. 1999) placed in areas 
of known bear activity in the southwest corner of the state and also by Virginia Department 
of Game and Inland Fisheries biologists from harvested animals, road kill, and captured 
black bears during 2009.  Finally, the Tennessee sample set (denoted as GSMNP) was 
collected by non-invasive hair snare as part of a black bear population estimation study in 
Great Smoky Mountains National Park conducted by University of Tennessee researchers in 
2004. 
 All hair samples were shipped to Wildlife Genetics International (WGI, Nelson, 
British Columbia, Canada) for microsatellite analysis.  Individuals were identified by 
using 8 microsatellite markers having a heterozygosity >0.70 (G10B, G10H, G10J, 
G10P, G10M, G10L, MU59, and MU23; D. Paetkau, personal communication).   
Following the individual identification with 8 microsatellites, all identified individuals 
were additionally analyzed at 12 microsatellite markers for a full complement of 20 
markers (G10B, G10H, G10J, G10P, G10M, G10L, MU59, MU23, G1D, G1A, G10X, 
G10U, MU50, Cxx20, Cxx110, G10C, 145P07, MU51, 144A06, and CPH9).  
Furthermore, individuals sampled by non-invasive hair snare were sexed, with error 
checking conducted by using live trapped individuals of which sex was visually 
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determined at the time of capture.  In-depth laboratory methods for the analysis of ursid 
microsatellite loci are described by Paetkau and Strobeck (1994) and Paetkau (2003).  
Data quality was managed using the methodology described by Paetkau (2003). 
 Upon receipt from the lab, the Microsatellite Analyzer software (Dieringer & 
Schlötterer 2003) was used to produce appropriate input files for data analysis.  All 
individuals, both per sampled population and as one collective group, were tested for Hardy-
Weinberg equilibrium and linkage disequilibrium by using the HWE probability test and the 
linkage disequilibrium test in Genepop 4.0 (Raymond & Rousset 1995).  The HWE 
probability test in Genepop 4.0 (Raymond & Rousset 1995) was used to examine for 
departures from Hardy-Weinberg equilibrium by using the complete enumeration method 
(Louis & Dempster 1987) and a Markov Chain sampling regime (Guo & Thompson 1992) 
as per Dixon (2007a).   Linkage disequilibrium, the failure of alleles at two loci to be 
statistically independent, was tested using the linkage disequilibrium test in Genepop 4.0 
(Raymond & Rousset 1995) with p-values adjusted for multiple comparisons using a 
Bonferroni sequential correction (Rice 1989).    
 To investigate the general population structure of bears across the landscape without 
the need for prior knowledge of natural genetic groupings, all individuals were clumped 
together and analyzed using the STRUCTURE program (Pritchard et al. 2007) and the K-
means clustering test in the GenoDive software package (Meirmans & Van Tienderen 
2004).  The STRUCTURE analysis was conducted at five replications of K (assumed 
number of subpopulations), ranging from 2 to 7, with one million repetitions of Markov 
Chain Monte Carlo and a burn-in period of one million, using the admixture model.  The 
admixture model allows for individuals to be comprised of an admixture of genotypes and 
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was selected due to the recolonization hypothesis and the presence of recent gene flow into 
the Kentucky populations.  The most appropriate K value was determined by both visually 
examining the illustrated results and also by using the plateau method as described by 
Pritchard (2007) as an ad hoc estimator (Pritchard et al. 2000a; Pritchard et al. 2000b).  This 
method suggests that an observable plateau would occur in the LN P(D) at a range of K 
values indicating the best fit to be the lowest k value present in the plateau (Pritchard et al. 
2007).  The K-means clustering test in the GenoDive software package was run on a range 
of K values from 2 to 10 (default values) with the Pseudo-F ranking method (Calinski & 
Harabasz 1974) used to determine the most likely number of subpopulations.  This test was 
conducted using both Euclidean distances calculated from individual allele frequencies and 
also with the sum of squares from an internal AMOVA analysis (Excoffier et al. 1992; 
Michalakis & Excoffier 1996). 
 To examine for the possibility of migration between subpopulations as defined by 
(Fig. 3.1), I applied the population assignment test in the GenoDive (Meirmans & Van 
Tienderen 2004) software package.  This population assignment test was run with an 
alpha level of 0.002 for 100 replications per the default settings (Meirmans & Van 
Tienderen 2004).  This test identifies individuals that were sampled from populations that 
do not contain like genotypes.  Additionally, the number of migrants per generation (Nm) 
was calculated, in a pairwise fashion, between the sampled populations using the private 
allele method (Slatkin 1985; Barton & Slatkin 1986; Slatkin & Barton 1989) with 
Genepop 4.0 (Raymond & Rousset 1995) and corrected for sample size discrepancies as 
per Barton and Slatkin (1986). 
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 An analysis of molecular variance (AMOVA) test was applied to the sampled 
populations to investigate the hierarchical level upon which genetic variation can be 
attributed.  AMOVA examinations were performed in the GenoDive (Meirmans & Van 
Tienderen 2004) software package using a matrix of squared Euclidian distances at multiple 
hierarchical levels (Meirmans & Goodnight 2006) set at 999 permutations.  The AMOVA 
test in GenoDive is based on an analogue of Wright’s F statistic (Wright 1965) and thus 
allows calculation of the percent variance among populations as a measure of population 
differentiation (Fst) (Meirmans & Van Tienderen 2004; Meirmans & Goodnight 2006).  
Additionally, the population differentiation measure, Phi’st (Meirmans & Goodnight 2006), 
was calculated using the AMOVA framework in the GenoDive software package 
(Meirmans & Van Tienderen 2004) in a pairwise fashion between sampled populations.  
Allelic diversity (A) was calculated for the sampled subpopulations using Genepop 4.0 
(Raymond & Rousset 1995) and with the allele frequencies test in GenoDive (Meirmans & 
Van Tienderen 2004).  Finally, genetic diversity for each population, as indicated by 
expected heterozygosity, was calculated using the allele identity method in Genepop 4.0 
(Raymond & Rousset 1995). 
Results 
 Of the 258 hair samples sent to WGI for analysis, 208 samples (81%) were 
successfully identified at 8 markers for assignment as individuals, 43 samples (17%) failed 
during genetic analysis, 4 samples (2%) lacked a suitable amount of genetic material for 
analysis, and 3 samples (1%) contained DNA from more than one individual.  The 208 
successfully genotyped samples were found to be contributed by 163 individual black bears 
from the five sampled populations (BSF = 19; GSMNP = 22; Pine Mt = 84; VA = 8; WV = 
29; Table 3.1).  One individual from the GSMNP was later removed from the sample set due 
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to amplification failure at one of the 20 microsatellite markers (MU50), leaving a total of 21 
individuals in the GSMNP sample set for analysis.  Success rates for samples obtained by 
non-invasive hair snare (BSF = 75%, VA = 60% and GSMNP = 66%) were lower than that 
of the sample sets in which bears were physically handled (Pine Mt = 96% and WV = 94%; 
Table 3.1).  All samples, both collectively and when divided by sampled population, were 
detected to be in Hardy-Weinberg equilibrium (p<0.05).  Additionally, of the 950 possible 
loci pairings analyzed for the presence of statistical independence among alleles, 5 pairs 
(<1% of total) showed signs of linkage disequilibrium (p < 0.05) following Bonferroni 
sequential correction.   
Both K-means clustering tests in GenoDive indicated K= 2 best fit both temporal 
data sets .  Two subpopulations were also identified using STRUCTURE at K = 2; a BSF 
- GSMNP group and a Pine Mt, VA, -WV group (Fig. 3.2).  The plateau method revealed 
K = 3 would be useful in illustrating population structure (Fig. 3.3) and indicated three 
distinct subpopulation groupings: (1) BSF and GSMNP, (2) VA, and (3) WV, with the 
Pine Mt population being comprised of an admixture of these 3 subpopulations (Figure 
3.4).  A further increase in K continued to subdivide the Pine Mt, WV and VA 
populations while leaving the BSF and GSMNP populations intact, and indicated that K 
values of 2 and 3 captured the general structure across the landscape. 
 The population assignment test indicated that 19 individuals were sampled from 
populations which did not match their genotype (Table 3.2).  The 10 migrants into the 
Pine Mt population were comprised of the following source populations: GSMNP (1), 
WV (6), and VA (3).  Five migrants entered the VA population from the Pine Mt 
population, while one migrant entered from the WV population.  Finally, three migrants 
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were detected in the BSF population with two originating from the Pine Mt population 
and one from the GSMNP population. Nm was highest between the BSF and GSMNP 
populations, with 3.09 migrants per generation (Table 3.3),.  The WV and VA 
populations had the two highest Nm values with 1.47 and 2.15 migrants per generation, 
respectively. 
 AMOVA analyses indicated that globally, the five sampled populations contained 
93.0% of allelic variation within the individual bear, 0.6% among individuals, and 6.4 % 
among populations, indicating a global Fst value of 0.064.  A further AMOVA analysis 
with individuals divided into two subpopulations as indicated by the STRUCTURE run at 
K = 2 (BSF/GSMNP compared to Pine Mt/WV/VA), revealed variation within 
individuals of 90.6%, among individuals of 1.9%, and among populations of 7.5%; the 
Fst value between these two population groups was 0.075.  Pairwise Phi’st calculations 
(Table3.4) indicated that the Pine Mt population was most closely related to the VA 
(0.054) and WV (0.092) populations and least related to the BSF population (0.311).  The 
BSF population was most closely related to the GSMNP population (0.135) and least 
related to the WV population (0.408).  Allelic diversity was found to be greatest in the 
Pine Mt population (7.2 mean alleles per locus) which also contained the highest level of 
heterozygosity (0.73, Table 3.5).  Conversely, the VA population contained the lowest 
level of allelic diversity (5.25 mean alleles per locus), while the WV population had the 
lowest heterozygosity (0.66, Table 3.5). 
Discussion 
 Microsatellite genetic markers have proven useful in the study of wildlife 
population dynamics by allowing for the use of less invasive sampling methods and field 
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collected sample substrates (Taberlet & Luikart 1999; Woods et al. 1999).  Additionally, 
these markers, coupled with non-invasive hair snares, have allowed researchers to sample 
cryptic populations (Mills et al. 2000; Garshelis 2006) with increased accuracy and 
efficiency (McKelvey & Schwartz 2004).  In this study, non-invasive hair snares were 
used as a means of collecting samples in geographically disparate populations with little 
manpower resources and in conjunction with summer black bear trapping as suggested by 
Garshelis (2006).   
 Success rates for hair sample analysis at the laboratory varied widely across the 
range of samples collected.  As expected, hair samples pulled form live-caught black 
bears had a much higher success rate than those obtained by non-invasive hair snare (D. 
Paetkau, pers. comm.).  The samples collected from road kill and poached black bears 
were disappointing in their low success rate, a result likely caused by post mortem rapid 
loosening of the hair follicle.  It has been suggested that a biopsy of the foot pad be used 
for future analysis in the case of deceased black bears (D. Paetkau, pers. comm.).  
Additionally, the set of samples collected by hair snare with the lowest success rate were 
collected in 2004 and stored with a chalky desiccant.  This chalky desiccant proved 
difficult to remove (D. Paetkau, pers. comm.) even when initially treated in a warm water 
bath to remove contaminants.  Future projects involving non-invasive hair snares used in 
mark-recapture studies would be well served by not using desiccants and simply storing 
samples in coin envelopes at room temperature (Taberlet & Luikart 1999).   
 It is often suggested that single species wildlife management focus on 
populations, yet more often than not, limited resources preclude data needed to make 
science-based decisions at this scale, particularly for wide ranging and cryptic large 
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mammals.  In this study, I have used microsatellite genetic markers to identify two major 
subpopulations across the Kentucky bear range (Pine Mt and BSF, Fig. 2.1).  
Unsurprisingly, it was hypothesized that the distance between these two subpopulations 
would have led to a detectable level of genetic divergence.  Following the theory that one 
migrant per generation is needed to dispel the effects of random genetic drift (Wright 
1969; Mills & Allendorf 1996; Frankham et al. 2002), the Kentucky subpopulations 
would need to achieve an interchange of one individual from each population every eight 
years (average generation interval for black bears, Dixon et al. 2007a) to avoid loss of 
alleles via genetic drift.  The use of the private allele method, P(1), to estimate the 
number of migrants per generation (Nm) indicated a value of 0.97, just under the 
threshold for the one migrant per generation rule (Wright 1969; Mills & Allendorf 1996).  
This lack of migrants is a concern for the relatively isolated BSF population   Although 
radio collared black bears have been documented crossing Interstate 75 (B. Augustine, 
pers. comm.), this barrier likely has and will continue to impede movement between the 
two Kentucky subpopulations.  Conversely, the Pine Mountain population’s close 
proximity and the high degree of forest connectivity to states with growing black bear 
populations (Pelton & Van Manen 1994; Wooding & Ward 1997) currently appears to 
have greater capacity for gene flow than bears in the Big South Fork.  
The current level of gene flow between the Pine Mt population and the WV/VA 
populations indicated the possibility that these later populations could have sourced the 
Pine Mt population.  Additionally, the migrants identified by the population assignment 
tests revealed 10 individuals sampled from the Pine Mt population having similar 
genotypes to that of the VA and WV populations.  The relatively low Fst and Phi’st values 
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between the Pine Mt population and the WV and VA populations indicated a close 
relationship between these populations.  Overall, the most convincing evidence that the 
WV and VA populations sourced the Pine Mt population comes from the STRUCTURE 
examination when K = 3. 
 The STRUCTURE illustration at K = 3 clearly indicated that the Pine Mt. 
population is about equally comprised of genetic material from the VA and WV 
populations (Figure 3.4).  The BSF/GSMNP genotype also makes up a small percentage 
of the Pine Mountain bears, indicating a level of migration and gene flow into this 
population.  As previously mentioned, a K value of 3 is considered the best fit for the five 
sampled populations based on the plateau method described by Pritchard (2007).  
Connection to and sourcing from additional bear populations will be important for the 
long term viability of the Pine Mt. population.  
Female bears in Kentucky had genes from both the VA and WV populations. 
These bears have established home ranges, as indicated by global positioning system 
(GPS) enabled tracking collars, well inside the border of Kentucky and successfully 
reproduced multiple litters as determined by winter den surveys (B. Augustine, pers. 
comm.).  Collectively these data suggest a black bear recolonization has occurred in the 
southeastern portion of the state, a phenomenon that will likely continue farther north and 
west if population growth continues at its current rate.   
 The other Kentucky bear population (BSF) appears to be almost entirely 
influenced by its 14 translocated founders from GSMNP.  Reduced heterozygosity in a 
population can result in extinction at the population level as opposed to the desired 
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outcome of population growth and expansion.  There have been multiple translocations of 
black bears for establishment of new populations or augmentation of declining 
populations, most notably in recent years those in Louisiana (Csiki et al. 2003) and 
Arkansas (Smith & Clark 1994).  Although many of these translocations have been 
successful, it is assumed that the effects of genetic drift, and more importantly, founder 
effects will cause the translocated population to diverge from the source in a short time 
(Polziehn et al. 2000; Larson et al. 2009).  However, my findings indicated that either 
these founders have sufficient genetic diversity or were influenced by remnant or 
immigrant bears that should alleviate immediate concerns of founder effects. 
 With an expected heterozygosity of 0.702, the BSF population shares a similar 
level of genetic diversity as that of other connected black bear populations (Paetkau & 
Strobeck 1994; Csiki et al. 2003) and well above the smaller, fragmented populations of 
Florida (Dixon et al. 2007a). Anecdotal evidence of increasing nuisance behavior and 
observation reports from the BSF population, suggest this population should be 
considered a successful translocation.   
Management Recommendations 
 Both black bear populations (BSF and Pine Mt) in Kentucky are genetically 
unique yet can be considered relatively stable in terms of genetic diversity. As such, I 
recommend that wildlife managers distinguish and manage these two subpopulations 
separately rather than treat them as a single population.  
The BSF population appeared to be relatively isolated from other sampled black 
bear populations outside its source population in GSMNP.  Anecdotal evidence outside 
my study suggests this bear population may be connected to bears on adjacent public land 
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in Tennessee.    Forest habitat in this area appears favorable to support a large, stable 
population, yet the abundance of bears in the Kentucky portion of the range and in north 
Tennessee remains unknown. In contrast, my findings indicated the Pine Mountain bear 
population was largely influenced by emigrants from West Virginia and Virginia. 
Collectively bears in these areas likely comprise a regional metapopulation and could be 
managed accordingly and in coordination with these states.  Increased harvest of these 
bears in border counties with Kentucky, however, could slow recolonization to other 
parts of the Commonwealth, including establishing better connectivity with the BSF 
population.   
As the second year of a limited black bear hunting season in the state of Kentucky 
approaches, there is some interest in expanding bear hunting into the Big South Fork 
area.   I suggest that before such measures are enacted in this area, that at minimum a 
population estimate of bears should be conducted to guard against overharvest that could 
jeopardize the recovery of this potential small population. Additionally, I suggest that 
demographic research be conducted in each bear population to construct science-based 
population models that will accurately predict the impact of various harvest regimes, and 
provide empirical data needed for establishing harvest limits that don’t threaten the long-
term viability of this population.   
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Table 3.1: DNA extraction success rate of black bear hair samples from central 
Appalachian Mountain populations, 2000-2009. 
Populationa   Number of Individuals  Success Rate (%) 
PM     84     96L 
BSF     19     75H 
GSMNP    21     66H 
WV     29     94L 
VA     8     60H/L 
a: PM = Pine Mt, BSF = Big South Fork, GSMNP = Great Smoky Mountains National 
Park, WV = West Virginia, VA = Virginia 
L: sampled by live capture 
H: sampled by non-invasive hair snare 
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Table 3.2: Black bear migrants identified within five investigated subpopulations of bears 
in central Appalachia, 2000-2009, as identified by a population assignment test using 
GenoDive. 
ID        Current Population Inferred Population 
021 Pine Mt  West Virginia 
038 Pine Mt  West Virginia 
078  Pine Mt  Great Smoky Mts. National Park 
088 Pine Mt  Virginia 
093 Pine Mt  Virginia 
102 Pine Mt  West Virginia 
303 Pine Mt  West Virginia 
310 Pine Mt  West Virginia 
315 Pine Mt  West Virginia 
322 Pine Mt  Virginia 
501 Virginia  West Virginia 
503 Virginia  Pine Mt 
504 Virginia  Pine Mt 
552 Virginia  Pine Mt 
553 Virginia   Pine Mt 
559 Virginia  Pine Mt 
619 Big South Fork Pine Mt 
638 Big South Fork Pine Mt 
668 Big South Fork Great Smoky Mts. National Park 
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Table 3.3: Pairwise comparison of the number of migrants per generation (bottom 
diagonal) and the number of private alleles (top diagonal) contained in each of five 
identified black bear subpopulationsa in the central Appalachian Mountains, 2000-09. 
Number of Private Alleles P(1) 
                        Pine Mt               BSF               GSMNP               WV               VA 
Pine Mt   0.0616  0.0617        0.04511     0.0405 
BSF  0.9705    0.0454        0.1172     0.1172 
GSMNP 0.9419  3.0881          0.0983           0.1094 
WV  1.4744  0.5078  0.65                              0.095 
VA  2.1534  0.6741  0.6985                    0.9510            
Number of migrants per generation Nm 
a: PM = Pine Mt, BSF = Big South Fork, GSMNP = Great Smoky Mountains National 
Park, WV = West Virginia, VA = Virginia  
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Table 3.4. Pairwise comparison of Fst (bottom diagonal) and Phi’st (top diagonal) for five 
sampled subpopulationsa of black bears in the central Appalachian Mountains, 2000-09. 
Fst 
            Pine Mt               BSF               GSMNP               WV               VA 
Pine Mt   0.311  0.272                   0.092     0.054 
BSF  0.09    0.135        0.408     0.279 
GSMNP 0.076  0.042          0.331             0.227 
WV  0.027  0.13  0.101                              0.115 
VA  0.014  0.081  0.063                    0.045            
Phi’st 
a subpopulations are: Pine Mt, Big South Fork (BSF), Great Smoky Mts National Park 
(GSMNP), West Virginia (WV), and Virginia (VA) 
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Table 3.5: Expected heterozygosity (He) and allelic diversity (A) for five sampled 
subpopulationsa of black bears in the southern Appalachian Mountains, 2000-2009. 
                                
Allelic Diversityb      7.2                      5.9                   6.45                  5.45               5.25 
Pine Mt               BSF               GSMNP               WV               VA 
Expected                0.7304                0.7206              0.6909              0.6603           0.7188 
Heterozygosity 
a : PM = Pine Mt, BSF = Big South Fork, GSMNP = Great Smoky Mountains National 
Park, WV = West Virginia, VA = Virginia 
b Calculated as the average number of alleles per locus 
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Figure 3.1: Black bear hair sample locations, 2000-09 .   
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Figure 3.2: STRUCTURE analysis at K = 2 (assumed number of subpopulations) shown 
for each black bear population sampled.  The bar graphs attached to each population can 
be read by interpreting the vertical axis as percent inclusion into, in this case, one of two 
subpopulations with individuals plotted on the horizontal axis.   
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Figure 3.3: Graph of the log probability of the data LN P(D) for five repetitive 
STRUCTURE runs for K values in a range from 2 to 7 applied to the data set of black 
bear microsatellite marker data from five subpopulations in the southern Appalachian 
Mountains.   
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Figure 3.4: STRUCTURE analysis at K = 3 (assumed number of subpopulations) shown 
for each black bear population sampled in the southern Appalachian Mountains.  The bar 
graphs attached to each population can be read by interpreting the vertical axis as percent 
inclusion into, in this case, one of three subpopulations with individuals plotted on the 
horizontal axis.   
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Appendices 
Appendix A: Microsatellite data for the Pine Mt black bear population. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
4 156.158 237.245 191.199 155.155 212.216 135.147 231.239 197.201 172.178 194.196 
5 158.160 239.239 187.201 155.159 208.214 147.147 239.239 187.189 176.186 194.196 
21 156.158 239.241 187.187 151.163 212.214 147.147 231.241 187.195 176.190 194.198 
25 158.164 245.245 187.199 157.159 212.212 149.153 245.245 191.205 176.186 196.196 
28 158.164 241.245 199.199 159.159 216.216 149.153 237.239 187.205 172.178 192.196 
30 154.156 239.241 199.203 155.159 216.216 147.159 239.241 187.187 172.184 194.198 
31 154.156 243.255 187.195 155.159 210.210 147.153 231.239 201.205 172.178 196.198 
37 156.160 239.241 187.203 159.159 206.210 147.155 239.241 187.189 178.184 194.198 
38 156.156 232.232 191.191 151.155 210.216 147.153 239.239 187.191 176.176 196.196 
52 154.156 239.255 187.195 155.163 208.212 147.153 231.239 187.187 172.172 194.196 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
4 141.141 173.175 122.142 123.145 151.153 211.213 157.174 194.194 133.133 149.149 
5 141.147 173.175 140.140 123.141 143.155 209.209 157.159 194.194 115.133 147.147 
21 147.151 177.177 140.140 141.141 153.155 205.213 159.167 194.194 127.127 143.145 
25 141.149 171.173 126.142 141.145 157.157 211.213 167.167 194.194 129.133 143.147 
28 141.141 171.171 122.142 123.137 143.143 209.211 167.174 194.194 129.133 147.149 
30 147.151 177.177 124.124 123.137 143.157 211.213 169.174 194.194 117.133 143.149 
31 139.141 171.177 140.140 141.145 153.155 211.215 157.173 194.194 123.133 149.151 
37 141.147 175.177 122.142 141.141 153.153 213.215 167.174 194.194 129.133 143.149 
38 141.141 175.175 124.144 141.143 141.155 211.211 157.159 194.194 129.129 147.149 
52 137.147 175.175 140.142 123.143 155.157 209.211 159.174 194.194 133.133 143.149 
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Appendix A cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
57 154.156 232.245 187.201 155.159 212.212 147.159 231.239 187.187 176.186 196.196 
59 154.156 245.245 195.199 159.159 206.214 155.157 231.239 203.205 172.172 196.196 
60 158.160 241.243 187.199 155.163 214.216 153.159 237.239 187.205 184.186 192.198 
61 156.158 237.239 191.201 155.155 208.212 135.159 231.239 203.205 172.176 194.196 
64 158.160 232.239 187.199 155.161 212.214 155.155 241.241 187.207 176.190 196.198 
65 154.160 239.239 201.203 155.161 210.212 135.155 241.241 189.201 176.176 192.196 
66 158.160 239.241 187.199 159.163 206.212 149.153 237.243 205.205 172.172 192.194 
67 154.158 239.245 199.203 159.161 210.214 147.155 239.241 187.189 176.178 192.198 
68 158.160 232.239 187.201 155.155 212.216 135.159 231.241 187.201 172.190 194.196 
69 158.158 239.245 199.199 155.155 206.216 135.159 239.247 201.203 172.172 194.194 
 
          
           
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
57 139.141 173.173 140.140 141.143 153.155 215.215 157.174 194.194 129.133 147.147 
59 141.141 173.177 122.142 141.143 143.153 209.211 157.167 194.194 129.129 143.147 
60 141.147 175.177 126.126 143.143 143.153 211.215 167.174 194.194 129.133 143.149 
61 141.151 173.175 122.142 123.145 151.153 211.213 157.174 194.194 129.129 149.149 
64 141.147 175.175 124.124 141.143 153.157 211.215 167.174 194.194 117.129 147.147 
65 141.147 175.175 124.124 141.141 153.157 211.213 167.174 194.196 117.129 147.147 
66 141.149 179.179 142.142 141.143 143.157 211.215 167.173 194.194 129.133 147.147 
67 141.147 175.177 122.124 141.141 153.157 213.215 167.174 194.194 117.133 143.147 
68 147.147 173.175 124.140 141.143 153.155 209.211 157.174 194.194 129.133 147.147 
69 141.151 173.173 140.140 123.123 155.155 211.213 157.174 194.194 133.133 147.149 
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Appendix A cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
70 156.160 237.245 187.187 159.159 206.210 157.157 239.241 187.205 172.190 192.192 
71 158.160 245.251 187.187 159.163 212.214 149.153 237.239 187.205 178.184 192.198 
72 158.160 232.255 195.201 155.155 206.212 147.155 239.241 199.201 176.186 192.196 
73 158.160 251.255 187.191 155.155 206.214 159.159 231.247 189.191 172.172 192.196 
74 158.160 239.255 191.201 159.159 212.214 137.147 239.239 189.205 176.186 194.198 
75 154.156 237.247 187.199 155.163 212.216 143.153 239.247 205.205 176.176 194.200 
76 160.164 232.255 191.195 155.159 210.214 137.147 231.239 201.205 176.176 196.198 
77 154.156 239.245 195.195 145.159 210.212 147.153 239.245 187.195 176.180 196.198 
78 156.156 247.247 185.187 159.163 210.212 143.153 239.239 205.205 172.176 194.200 
79 154.160 232.245 199.199 155.159 206.206 153.157 231.245 187.195 178.186 196.198 
 
           
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
70 141.141 177.179 128.144 141.141 153.157 213.215 167.167 194.194 129.133 145.149 
71 141.141 175.179 122.126 141.143 153.155 211.213 167.167 194.194 129.133 147.149 
72 147.147 173.175 124.140 141.143 143.155 209.211 174.174 194.194 129.133 147.147 
73 141.147 173.177 134.140 141.143 153.155 209.213 157.157 194.194 133.133 143.147 
74 141.151 173.173 122.142 143.145 143.153 209.215 167.174 194.194 123.133 147.149 
75 141.151 171.173 142.146 123.143 143.151 211.215 157.174 194.194 121.133 147.149 
76 139.141 173.177 140.142 141.145 143.155 209.215 167.173 194.194 123.123 149.149 
77 139.157 171.175 124.126 139.145 143.155 211.211 157.174 194.196 117.127 139.149 
78 141.157 173.177 146.146 123.143 151.151 211.211 157.157 194.194 121.121 147.149 
79 139.141 175.177 128.140 139.141 155.157 207.213 157.167 194.196 115.115 147.149 
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Appendix A cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
80 154.154 245.255 195.195 159.159 206.216 157.159 231.239 199.203 172.178 194.196 
82 160.164 241.245 187.199 159.159 210.212 153.155 239.245 187.205 176.178 196.198 
83 154.156 239.251 187.199 151.155 212.216 155.157 237.239 187.195 176.176 196.196 
84 160.164 239.245 187.187 159.159 210.212 147.153 241.245 187.205 184.186 196.198 
85 154.158 239.239 187.199 159.159 214.216 147.149 237.245 191.197 176.186 192.196 
88 158.158 239.245 187.199 159.163 216.218 153.155 231.239 199.205 178.178 192.198 
89 158.160 237.245 187.191 155.159 206.212 135.135 239.239 189.197 178.186 194.194 
90 154.158 241.241 187.199 159.163 206.214 147.153 237.239 187.201 176.186 194.196 
91 154.156 245.251 187.195 155.157 216.216 149.151 239.245 187.195 172.186 194.196 
92 156.158 239.243 187.201 155.155 210.214 149.157 231.239 187.187 176.190 194.196 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
80 141.143 175.177 142.142 123.143 143.143 209.211 157.167 194.194 129.133 143.149 
82 141.141 173.177 122.126 141.145 153.157 211.215 167.174 194.194 133.133 143.143 
83 147.147 173.175 122.124 141.141 153.155 211.215 163.173 194.194 133.133 143.147 
84 141.147 173.177 122.142 141.141 153.157 213.215 167.174 194.194 133.133 143.149 
85 141.141 173.175 122.122 141.143 153.155 211.215 159.167 194.194 127.133 147.147 
88 141.147 171.171 122.142 123.139 151.153 213.215 159.167 194.194 133.133 149.151 
89 141.143 175.175 122.122 123.141 153.153 213.215 157.167 194.194 129.133 149.149 
90 141.149 171.179 122.124 141.143 143.157 211.213 167.169 194.194 129.133 139.149 
91 147.147 179.179 122.142 123.141 151.157 209.219 167.178 194.194 127.133 145.147 
92 141.155 177.177 126.128 141.145 155.155 209.211 174.174 194.194 131.133 143.145 
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Appendix A cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
93 156.156 237.245 187.187 159.159 206.212 147.159 231.239 201.203 186.190 192.194 
94 160.164 241.245 187.187 155.155 206.218 147.155 239.245 187.205 176.178 196.196 
95 158.160 241.245 187.187 155.163 212.214 135.153 239.241 187.191 178.184 192.192 
96 156.160 245.251 187.199 155.163 210.216 153.153 231.237 187.205 176.184 192.194 
98 160.164 247.255 187.195 155.157 212.218 149.159 239.239 189.197 178.178 194.198 
99 156.164 239.251 187.199 155.157 214.216 155.157 239.239 189.205 178.186 194.196 
100 156.158 241.251 187.187 161.161 212.216 149.153 231.241 187.205 176.176 192.194 
101 156.164 245.251 199.203 159.163 216.216 153.153 239.241 205.205 172.176 194.196 
102 158.158 232.232 187.187 155.159 206.212 135.147 231.239 187.187 178.190 192.196 
103 158.158 245.245 187.199 159.161 210.212 147.149 239.245 189.205 178.186 192.196 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
93 141.147 177.177 124.126 141.141 153.155 209.215 167.167 194.194 129.129 145.149 
94 137.147 173.175 126.140 141.141 151.155 209.213 157.167 194.194 129.133 149.149 
95 141.143 175.179 122.126 141.141 153.153 215.215 167.174 194.194 129.133 147.147 
96 141.151 177.179 124.124 141.143 143.157 213.215 167.169 194.194 129.129 147.147 
98 141.157 173.173 122.146 123.141 143.153 211.215 159.174 194.194 129.133 147.149 
99 141.147 173.175 122.122 143.145 153.157 215.215 157.167 194.194 115.133 147.147 
100 141.147 177.177 126.142 123.141 143.153 211.215 174.174 194.194 117.117 143.143 
101 141.151 171.177 122.122 123.141 143.153 211.213 174.174 194.194 129.133 143.147 
102 147.151 175.179 126.140 123.143 155.155 209.215 157.157 194.194 129.133 143.147 
103 141.147 173.175 124.126 141.145 157.157 213.215 167.174 194.194 117.129 143.147 
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Appendix A cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
105 156.158 241.245 187.191 155.155 206.212 135.155 231.239 189.197 172.176 194.196 
106 154.160 245.255 199.201 155.155 206.210 147.157 231.239 187.201 178.178 194.194 
107 154.158 243.251 199.199 159.159 208.212 135.153 237.241 187.205 176.186 192.196 
108 156.156 232.245 191.203 151.161 210.216 147.147 231.239 187.187 172.176 196.198 
110 156.160 232.245 191.199 151.161 210.216 153.153 239.241 187.187 172.176 192.196 
111 158.160 239.241 187.187 159.159 206.216 147.147 231.241 187.189 184.184 192.194 
112 156.158 245.255 187.187 159.159 216.218 147.155 231.239 187.195 176.176 194.198 
113 156.156 247.255 185.191 155.159 206.210 153.155 239.239 203.205 176.176 198.200 
114 156.160 239.241 187.199 155.161 212.216 153.155 231.241 187.207 176.190 194.198 
115 154.158 239.239 187.203 155.159 214.218 149.155 239.239 187.189 176.178 192.198 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
105 141.149 175.179 142.142 123.141 153.157 213.213 157.159 194.194 117.133 147.149 
106 141.147 175.175 122.142 141.141 143.153 209.211 157.167 194.194 129.133 143.149 
107 141.147 171.179 122.142 141.145 153.153 213.213 173.174 194.194 133.133 139.147 
108 141.147 175.177 122.144 123.143 153.155 211.213 157.174 194.194 129.129 149.149 
110 141.151 175.177 122.124 123.141 141.153 209.211 157.169 194.194 129.129 147.149 
111 141.147 175.177 122.142 141.141 153.153 213.215 169.174 194.194 129.133 143.149 
112 137.141 171.177 124.142 141.141 143.153 207.213 167.169 194.194 117.129 139.143 
113 141.157 171.177 142.146 123.145 143.151 209.211 157.157 194.194 121.133 147.149 
114 139.147 175.177 122.124 123.141 153.153 211.211 174.174 194.196 117.129 143.147 
115 137.147 171.177 122.124 123.123 153.157 209.213 157.174 194.194 133.133 145.149 
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Appendix A cont. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
117 154.156 251.251 187.187 155.159 210.212 149.157 239.245 187.203 176.176 196.196 
118 158.160 245.251 187.191 155.159 214.216 147.159 239.247 189.191 172.178 194.196 
119 160.160 245.245 187.187 159.159 206.214 155.159 239.239 187.187 178.178 192.196 
120 154.156 239.245 187.199 159.159 206.210 135.153 231.239 187.191 178.184 192.194 
121 158.158 241.245 199.199 159.159 206.216 137.153 239.239 199.205 178.182 192.198 
301 156.158 241.245 187.199 155.163 210.216 153.153 237.241 187.205 172.184 194.198 
302 158.160 239.241 187.201 155.159 208.212 147.155 239.247 191.197 176.178 192.194 
303 156.158 239.239 185.187 157.159 212.216 137.147 239.239 197.201 176.176 192.196 
304 156.160 237.241 187.199 159.159 206.212 149.157 231.239 201.203 172.178 192.194 
305 158.160 245.245 187.199 159.159 206.206 147.149 239.239 187.205 178.186 192.194 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
117 141.141 173.177 124.142 141.145 151.153 209.211 167.174 194.194 115.133 143.149 
118 141.147 173.175 122.140 141.143 151.155 209.211 157.159 194.194 115.133 147.149 
119 141.147 173.177 122.124 141.143 143.153 215.215 157.159 194.194 115.133 147.149 
120 147.147 175.177 124.142 141.141 143.157 213.215 167.169 194.194 117.133 143.147 
121 139.141 171.179 126.142 123.145 151.159 211.213 157.167 194.194 129.133 149.151 
301 141.151 177.179 122.126 123.141 153.153 213.213 169.174 194.194 117.129 147.147 
302 141.141 173.173 122.122 123.145 151.153 213.213 157.174 194.194 129.133 147.147 
303 141.155 175.177 122.128 123.143 141.155 211.215 159.174 194.196 129.129 147.149 
304 141.141 177.179 128.144 141.141 153.157 211.211 167.174 194.194 133.133 145.149 
305 141.147 171.177 122.142 139.145 143.155 213.215 167.174 194.194 133.133 143.147 
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Appendix A cont. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
306 156.162 243.243 187.199 159.159 206.212 147.157 231.243 197.205 176.186 194.196 
307 156.158 247.255 185.187 159.159 212.212 143.153 239.247 201.205 172.178 194.196 
308 158.160 251.251 187.203 159.163 206.218 153.155 239.243 187.187 176.186 194.194 
309 156.158 232.243 199.201 155.159 206.212 137.147 239.245 187.197 178.186 192.194 
310 158.160 237.241 199.199 159.159 206.212 147.159 231.239 201.203 176.178 192.198 
311 158.158 241.241 199.199 155.159 216.216 153.159 237.239 197.199 176.176 196.196 
312 156.156 237.239 185.199 155.159 206.214 147.155 239.239 187.201 186.186 196.198 
313 164.166 232.251 199.203 155.159 206.216 147.157 239.245 187.197 176.186 192.194 
315 156.160 232.239 187.191 155.155 214.216 147.147 231.239 187.191 176.176 194.196 
317 158.158 247.251 187.199 155.159 216.218 153.159 237.239 197.199 176.176 196.198 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
306 147.147 175.175 126.140 141.141 153.155 209.211 157.159 194.196 131.131 147.149 
307 139.141 173.173 142.146 143.145 151.153 211.215 157.157 194.194 121.133 149.149 
308 137.141 177.177 140.140 139.141 153.153 207.211 169.174 194.194 115.115 149.149 
309 141.151 173.175 122.144 123.141 153.155 211.215 157.167 194.194 117.127 147.147 
310 141.151 173.177 126.128 137.137 153.155 209.211 157.174 194.194 133.133 145.147 
311 141.147 171.177 122.124 123.145 153.155 211.215 173.174 194.194 129.131 143.149 
312 141.151 173.177 122.124 141.141 153.155 209.215 157.157 194.194 127.131 147.147 
313 137.141 173.177 122.142 123.141 153.153 213.213 159.169 194.194 115.129 143.149 
315 141.147 173.175 124.140 123.143 141.155 211.211 157.159 194.194 115.129 147.147 
317 141.147 171.175 124.142 137.145 153.155 213.215 173.174 194.194 129.131 139.149 
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Appendix A cont. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
319 158.160 243.245 187.199 159.159 206.212 149.153 241.245 191.205 186.186 192.196 
320 156.160 245.251 187.201 155.163 212.216 153.159 231.237 187.205 176.184 192.198 
321 156.158 241.245 187.199 155.159 212.218 149.153 231.239 187.203 176.178 196.198 
322 154.158 241.255 187.203 159.163 210.218 149.149 239.245 187.205 176.176 192.194 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
319 141.147 171.171 142.142 141.145 157.157 211.215 167.167 194.194 129.129 139.147 
320 141.151 177.179 126.142 123.141 157.143 209.215 167.174 194.194 117.133 147.149 
321 137.147 175.177 122.142 137.141 153.153 213.213 157.174 194.194 117.133 139.147 
322 139.141 175.177 124.126 137.141 153.155 213.215 167.173 194.194 117.129 139.143 
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Appendix B: Microsatellite data for the Big South Fork black bear population. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
601 158.164 241.251 185.185 151.159 212.214 135.149 239.239 191.205 172.186 196.200 
602 156.156 239.241 185.205 159.165 206.210 135.135 239.243 197.197 172.172 194.194 
604 156.164 239.241 185.203 159.161 210.218 149.157 239.239 197.199 172.172 194.198 
607 156.164 241.251 185.185 157.165 214.218 135.135 239.243 197.205 172.186 194.196 
610 156.164 241.241 185.205 159.161 210.212 135.149 239.239 195.197 172.186 198.200 
613 156.164 241.257 185.205 159.163 210.212 135.135 239.239 197.197 172.176 196.198 
616 156.164 241.255 185.185 159.159 214.218 135.157 239.239 191.199 172.172 198.198 
618 156.164 241.247 185.199 159.165 206.214 149.149 239.239 191.205 172.176 194.198 
619 158.160 239.245 187.201 155.159 208.214 147.147 231.239 187.187 176.186 192.194 
622 156.164 241.241 185.185 159.165 206.214 135.149 239.243 197.205 172.176 194.196 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
601 141.157 173.177 124.134 123.143 151.153 211.215 157.157 194.194 127.133 147.149 
602 141.157 173.173 124.134 123.143 143.153 211.213 177.180 194.194 117.127 143.147 
604 147.157 173.179 126.140 123.123 151.153 211.213 167.167 194.194 119.121 143.149 
607 141.141 173.177 124.134 123.123 151.153 213.215 157.167 194.194 121.127 143.143 
610 147.157 177.177 126.144 141.143 151.155 213.213 157.167 194.194 121.129 139.143 
613 147.157 173.175 126.126 123.123 143.153 211.213 167.177 194.194 117.131 147.149 
616 147.157 177.177 126.140 123.139 143.151 211.213 167.177 194.194 117.127 143.143 
618 141.141 173.177 124.134 139.143 143.153 215.215 157.157 194.194 121.129 143.143 
619 141.147 171.175 122.122 141.145 153.153 209.215 167.174 194.194 115.129 139.147 
622 141.141 173.177 124.134 139.143 143.153 211.215 167.180 194.194 121.127 143.147 
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Appendix B cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
624 158.164 241.257 185.205 157.157 218.218 135.149 239.243 191.205 176.184 194.200 
632 158.164 241.247 185.203 157.161 206.218 135.135 239.243 197.205 176.186 194.198 
638 154.158 245.245 185.199 159.161 206.218 153.155 231.243 191.199 176.180 194.194 
642 156.158 241.243 185.185 165.167 206.214 135.143 243.245 195.197 172.172 194.200 
649 156.164 241.241 189.205 159.159 206.212 135.149 239.243 195.205 184.186 198.200 
658 164.164 241.241 185.205 159.165 218.218 135.135 239.243 195.197 172.176 196.198 
664 158.164 241.245 185.199 159.165 206.214 135.135 239.243 191.197 172.176 196.200 
668 156.156 241.251 185.187 159.163 212.218 135.151 239.239 205.205 176.184 192.198 
669 164.164 241.247 185.199 159.161 206.212 149.155 239.243 191.191 176.186 194.198 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
624 141.157 177.177 124.128 123.139 153.153 215.215 167.180 194.194 121.121 143.147 
632 141.147 173.177 124.126 143.145 153.153 211.217 159.167 194.194 129.131 139.147 
638 139.147 173.177 126.142 123.145 155.159 217.219 167.167 194.194 129.133 147.149 
642 149.157 173.183 140.142 143.143 155.163 215.215 167.178 194.194 119.119 143.149 
649 157.157 177.177 124.144 123.141 153.155 213.219 157.157 194.194 119.129 143.143 
658 141.157 177.177 124.124 123.123 153.153 213.215 167.167 194.194 121.127 143.143 
664 141.157 173.177 124.134 123.123 143.153 213.215 157.180 194.194 119.121 143.147 
668 147.157 177.177 124.126 123.123 151.151 211.219 167.167 194.194 121.129 139.143 
669 141.157 173.177 124.126 139.143 153.153 215.215 157.157 194.194 119.129 143.143 
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Appendix C: Microsatellite data for the Great Smoky Mountain black bear population. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
200 156.158 247.247 185.203 161.167 212.214 143.149 239.243 199.199 184.184 196.198 
203 156.160 241.257 187.187 159.163 210.214 135.149 239.245 195.205 172.178 192.196 
204 156.158 241.241 187.203 159.159 210.218 149.153 239.239 195.197 176.190 192.198 
206 156.156 247.247 185.203 145.165 212.214 135.153 243.245 195.197 176.184 194.196 
208 156.156 241.251 185.187 159.159 214.216 143.157 239.239 195.199 180.184 192.200 
209 156.164 247.251 187.189 155.161 210.214 155.155 241.241 197.199 176.176 194.196 
210 156.158 241.241 187.203 151.161 214.218 149.155 239.239 195.205 172.180 194.196 
211 156.158 239.247 185.191 167.167 216.218 135.149 239.239 197.205 172.176 196.196 
214 156.158 247.251 185.187 145.163 214.218 135.135 239.239 195.205 176.182 196.198 
215 156.164 251.261 185.187 161.165 212.218 135.151 239.239 191.195 180.186 194.198 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
200 141.147 177.177 140.140 123.139 151.157 207.211 167.180 194.194 121.131 143.147 
203 157.157 177.177 126.126 123.123 151.155 211.211 157.172 194.194 121.127 143.143 
204 139.141 173.175 124.144 143.143 155.157 213.215 174.177 194.194 117.127 145.147 
206 143.157 177.177 126.140 141.143 151.151 219.219 177.177 194.194 131.133 147.147 
208 157.157 173.177 144.146 137.141 143.157 215.221 157.157 194.194 121.133 139.149 
209 157.157 175.177 126.134 123.143 151.159 211.213 159.167 194.194 127.129 147.147 
210 141.157 177.177 126.134 123.137 169.143 211.215 159.174 194.194 121.133 147.147 
211 139.139 173.177 146.148 123.141 143.151 211.213 159.167 194.194 119.127 143.147 
214 141.157 177.177 134.140 141.143 143.151 215.219 167.174 194.194 121.121 143.147 
215 141.141 177.177 126.126 123.143 151.155 215.221 157.159 194.194 117.129 143.147 
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Appendix C cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
216 156.160 239.241 185.201 159.159 212.212 143.149 241.241 197.197 176.176 194.194 
217 156.156 247.249 185.203 159.163 212.214 135.155 241.245 195.197 180.186 198.200 
218 156.158 247.255 185.187 165.167 214.218 135.143 241.241 205.205 180.184 196.196 
222 156.156 241.241 185.203 147.151 206.210 135.143 243.249 201.205 172.176 194.198 
225 156.156 241.247 187.187 159.167 212.216 149.157 239.239 195.205 176.180 196.200 
226 156.164 241.251 187.187 159.163 216.218 143.155 239.243 197.205 172.176 196.196 
228 156.160 247.247 187.187 147.159 212.214 135.153 239.243 197.197 176.184 192.198 
229 164.164 241.261 187.189 147.159 210.212 143.149 239.239 197.205 176.182 194.196 
230 156.156 241.247 185.187 159.161 210.214 135.155 239.245 205.205 172.184 196.200 
234 156.156 245.247 191.205 163.163 212.218 149.149 239.241 195.197 172.172 196.198 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
216 141.153 173.175 120.122 123.145 155.155 207.215 159.167 194.194 129.131 143.151 
217 141.141 177.177 126.144 123.143 143.169 211.215 159.159 194.194 129.133 143.149 
218 139.157 173.177 126.140 123.139 151.151 211.217 167.167 194.194 131.133 143.147 
222 143.157 173.177 126.126 123.141 143.157 213.215 157.177 194.194 121.121 147.147 
225 157.157 173.175 126.144 137.143 155.157 211.215 157.167 194.194 121.133 139.151 
226 139.141 173.177 126.126 123.123 153.155 215.219 167.174 194.194 121.129 147.149 
228 141.141 177.177 126.126 123.123 151.153 211.215 167.167 194.194 117.121 143.143 
229 141.157 177.177 126.126 123.139 151.153 207.215 167.167 194.194 121.127 143.147 
230 139.147 173.177 126.140 123.123 153.155 211.211 167.167 194.194 129.133 147.149 
234 141.141 177.177 126.126 123.139 151.153 213.213 157.167 194.194 121.133 147.149 
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Appendix C cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
236 156.156 247.247 185.191 147.161 212.218 135.143 243.245 191.195 172.178 196.196 
237 156.164 241.251 187.199 157.159 206.212 135.149 239.245 195.205 184.186 194.200 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
236 139.157 177.179 126.126 123.123 151.161 211.211 157.167 194.194 129.131 143.145 
237 141.141 177.177 140.140 123.145 143.151 211.213 167.177 194.194 127.133 143.145 
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Appendix D: Microsatellite data for the West Virginia black bear population. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
401 160.160 241.247 187.191 159.159 212.212 147.147 239.247 187.197 178.178 196.198 
406 156.158 243.245 199.199 159.163 214.216 147.147 239.239 187.201 186.190 194.194 
409 156.158 232.232 187.191 155.159 210.214 147.153 239.239 191.201 176.176 196.198 
410 156.158 237.241 187.191 159.159 206.212 147.155 231.239 187.197 176.178 192.196 
417 156.156 239.239 187.201 159.159 206.206 147.157 231.239 191.197 178.178 192.194 
418 158.158 232.241 187.187 157.159 214.214 157.159 231.239 197.201 178.178 192.194 
419 160.160 239.239 191.199 159.163 208.216 145.147 239.239 197.201 186.190 192.198 
420 158.160 239.241 185.187 155.159 206.216 137.147 231.239 197.201 176.186 196.196 
421 156.160 241.241 199.203 159.163 206.214 157.157 231.231 187.201 176.178 194.194 
422 158.160 243.255 191.191 155.155 206.212 147.155 239.245 187.201 176.186 192.196 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
401 147.151 173.177 126.126 145.145 153.155 211.215 157.159 194.196 133.133 145.147 
406 141.151 173.177 122.126 141.141 153.153 205.209 157.157 194.194 115.115 143.147 
409 147.147 175.179 124.140 141.145 155.155 211.211 163.174 194.194 129.133 139.147 
410 141.147 173.177 126.144 137.141 153.153 209.215 157.163 194.194 115.115 147.147 
417 147.151 173.177 122.128 123.141 155.157 209.211 167.178 194.194 133.133 143.147 
418 151.151 177.177 126.140 123.141 153.155 211.215 157.167 194.194 129.129 147.149 
419 141.151 173.177 124.140 143.145 155.155 209.213 159.174 194.194 133.133 147.147 
420 139.147 175.175 122.126 123.145 155.155 211.213 163.174 194.194 129.129 145.147 
421 141.147 173.177 140.142 141.141 153.155 211.215 159.174 194.194 133.133 147.147 
422 147.147 177.179 126.126 141.145 141.155 205.211 157.174 194.194 117.121 139.147 
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Appendix D cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
423 160.160 232.239 187.191 155.155 206.216 145.147 231.247 187.187 176.178 196.196 
424 156.158 232.237 187.203 155.155 206.216 135.157 239.239 187.201 176.178 194.198 
425 158.158 239.241 199.203 155.159 208.212 147.157 231.239 187.197 176.186 194.196 
426 156.160 237.241 199.199 155.163 214.216 155.157 231.239 201.201 176.190 194.196 
427 158.160 237.241 187.187 155.159 214.216 137.155 237.241 197.197 176.176 196.198 
428 156.160 239.243 187.191 155.159 206.212 147.147 239.239 187.191 176.176 196.196 
429 156.160 239.239 187.187 155.159 208.216 147.147 231.239 187.191 176.186 194.196 
430 156.158 232.239 187.199 155.159 212.216 147.155 231.239 197.201 176.176 196.198 
431 156.160 241.243 187.199 155.159 214.216 157.157 231.239 195.197 176.178 192.196 
432 160.160 232.243 187.203 159.163 210.210 135.155 231.241 187.191 176.176 194.196 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
423 141.141 173.177 140.142 141.145 141.157 211.211 167.178 194.194 117.129 143.145 
424 141.151 173.177 126.126 123.141 153.155 209.211 163.167 194.194 121.133 147.147 
425 147.151 175.177 126.140 137.145 155.155 211.211 159.167 194.194 127.129 145.147 
426 141.147 173.177 126.140 141.141 153.155 215.215 159.174 194.194 129.133 147.147 
427 141.141 173.175 140.140 141.143 155.155 215.215 159.167 194.194 123.123 147.147 
428 147.155 177.177 122.140 143.143 155.155 211.213 157.166 194.194 129.129 143.143 
429 141.147 175.175 124.140 123.143 153.155 211.211 159.163 194.194 133.133 145.147 
430 147.147 175.179 126.140 141.141 155.155 205.211 167.174 194.194 129.129 147.147 
431 141.147 173.175 126.126 137.137 153.155 209.215 157.163 194.196 129.133 147.149 
432 147.151 177.179 124.126 143.145 143.155 209.211 163.174 194.194 123.129 139.147 
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Appendix D cont.          
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
433 156.156 237.243 187.199 155.159 212.216 147.147 231.239 197.201 176.186 194.198 
434 158.158 232.241 187.187 155.159 206.214 147.157 239.239 197.201 176.186 192.196 
435 156.160 232.245 187.199 155.159 208.214 137.147 239.239 195.207 176.178 196.198 
450 158.160 232.239 187.199 155.157 210.216 147.153 239.239 187.191 176.184 192.196 
451 156.160 232.239 185.187 155.157 208.212 147.147 239.239 187.201 176.190 196.196 
452 156.160 232.245 187.191 155.159 216.216 135.157 231.239 187.201 176.178 192.192 
453 154.160 243.245 187.187 155.155 212.214 135.155 239.239 201.207 176.176 196.196 
454 158.158 237.245 187.187 157.159 210.214 147.155 231.237 187.197 176.178 192.196 
469 160.160 232.245 187.187 155.155 206.216 137.147 231.241 187.187 176.186 196.196 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
433 141.141 173.177 122.122 141.141 153.153 205.215 157.167 194.194 115.123 143.143 
434 141.147 175.175 128.142 141.145 155.155 209.211 157.159 194.196 129.133 147.147 
435 141.147 177.177 122.126 141.145 153.155 211.215 157.163 194.194 129.133 149.149 
450 141.141 173.175 124.142 141.143 153.153 209.215 159.159 194.194 129.129 147.147 
451 147.147 177.177 122.122 141.141 153.157 211.211 159.163 194.194 123.133 149.149 
452 141.147 173.175 140.140 141.143 153.155 209.211 159.167 194.194 123.123 147.147 
453 147.155 175.177 126.142 143.145 153.157 211.215 159.166 194.194 123.129 139.149 
454 147.151 173.173 140.140 141.141 153.155 209.211 167.167 194.194 123.133 147.147 
469 147.147 175.175 122.140 123.143 153.153 211.211 167.174 194.194 123.129 139.149 
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Appendix E: Microsatellite data for the Virginia black bear population. 
ID G10B G10H G10J G10P G10M G10L MU59 MU23 G1D G1A 
501 156.164 232.241 187.203 155.163 206.214 147.159 231.231 195.197 186.190 194.198 
503 154.158 241.245 187.187 159.163 212.214 135.159 237.239 187.205 186.186 192.194 
504 154.156 245.245 187.187 157.159 210.212 153.157 245.245 191.203 176.176 194.196 
552 158.158 239.255 187.191 155.163 206.216 155.155 231.239 199.203 176.178 192.194 
553 154.160 245.251 187.187 159.159 216.218 137.149 231.239 187.203 172.178 192.194 
555 154.158 245.255 187.199 159.159 206.218 147.149 239.239 187.199 178.178 192.198 
559 156.164 237.245 187.199 155.157 206.212 149.155 231.237 191.201 176.182 192.198 
572 154.154 241.245 187.201 159.159 210.210 137.149 239.239 187.201 176.176 192.194 
 
ID G10X G10U MU50 Cxx20 Cxx110 G10C 145P07 MU51 144A06 CPH9 
501 141.147 177.177 126.140 123.123 153.155 209.213 159.167 194.194 129.129 143.147 
503 141.147 177.179 124.142 141.143 143.153 215.215 167.169 194.194 129.133 147.147 
504 141.149 173.175 124.126 137.137 143.151 209.211 167.169 194.194 117.133 145.145 
552 139.147 177.177 122.126 123.137 151.153 209.215 159.167 194.194 117.133 145.149 
553 137.141 171.171 122.128 143.143 153.157 211.213 174.178 194.196 117.129 149.151 
555 147.147 177.177 124.126 123.143 151.153 215.219 167.167 194.194 133.133 143.149 
559 141.147 173.177 136.140 139.139 143.157 211.215 173.178 194.194 133.133 143.147 
572 137.137 171.173 128.140 123.143 155.155 213.213 159.178 194.194 117.133 147.151 
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